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THE CONCENTRATION OF CARBON DIOXIDE IN THE SOIL AIR 
UNDER VARIOUS CROPS AND IN FALLOW SOILS1 
F. B. SMITH A?H> P. E. BROWN 
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Accepted for publication June 30, 1933 
The soil is a three-phase system, consisting of the solid, the liquid and 
the gaseous phases. In a given volume of soil in its natural condition, only 
a portion of the total volume is occupied by the soil particles. The re-
mainder of the volume consists of interstitial spaces which are ordinarily 
filled with water and air. The amount of air in the soil depends upon the 
texture, the structure and the percentage of moisture. In a given soil the 
amount of air or free pore space is limited by the amount of water present. 
The composition of the soil air varies from day to day as well as from 
one season to another. It differs from the atmosphere in that it usually 
contains a larger proportion of carbon dioxide and a smaller proportion 
of oxygen and nitrogen. 
Carbon dioxide may be produced in the soil in a number of ways. Some 
investigators have claimed that it results mainly from the decomposition 
of organic matter by microorganisms. It is well established, however, that 
under certain conditions plant roots growing in the soil may produce a 
large proportion of the carbon dioxide in the soil air. Carbon dioxide may 
also be produced in the soil by chemical reaction, but the amount produced 
in this way is probably always small. The carbon dioxide produced in the 
soil may accumulate to a certain extent in the soil air, it may pass out into 
the atmosphere by diffusion or it may go into solution or be absorbed in 
the soil. Therefore, the percentage of carbon dioxide found in the soil air 
at a given time will be the resultant of the rate of production on the one 
hand, and the rate of escape or removal on the other. The rate of pro-
duction of carbon dioxide in the soil depends upon a number of factors, 
such as the temperature, the moisture, the microbiological action, the soil, 
and the crop grown, if the soil is not fallowed. The rate of diffusion of 
carbon dioxide through a dry soil is directly related to the porosity (15) 
but the relations of moisture, temperature and structure to the rate of 
diffusion have not been so definitely shown. Thus, it is evident that the 
concentration of carbon dioxide in the soil air is a resultant of a great many 
factors and while it is not a measure of rate of production it may be ex-
pected to show wide differences in rate of production. Therefore, under 
a given set of conditions, and in a particular soil, the influence of seasonal 
conditions and kind of crop on rate of production of carbon dioxide may 
be reflected in the concentration of carbon dioxide in the soil air. 
Considerable information has been obtained regarding the concentration 
of carbon dioxide in the soil air and the factors influencing it but few re-
sults are available showing the relative effects of different crops at least 
with the conditions of the experiment sufficiently well defined to permit 
of conclusions. The object of this investigation was to determine the con-
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centration of carbon dioxide in the soil air in fallow soils, and in the same 
soils under various crops and different cropping systems under :field con-
ditions. 
HISTORICAL 
Boussingault and Lewy (3) determined the concentration of carbon 
dioxide in the soil air under various crops and in forest and fallow soils. 
They found very little difference in the percentage of carbon dioxide in 
the soil air under such crops as alfalfa, artichokes, sugar beets, asparagus, 
and carrots. However, large differences were found in the concentration of 
carbon dioxide in the soil air of sands, clays and soils well supplied with 
organic matter. 
Knop (7) determined the amount of carbon dioxide given off by corn 
plants, and found that smaller ~lants gave off less carbon dioxide than 
larger ones. A plant which weighed 170 grams and was 90 cm. high gave 
off an average of 314 milligrams of carbon dioxide per 24 hours. 
Cauvet ( 4) determined the amount of carbon dioxide given off by the 
roots of a bean plant every four hours during the day, and once every 24 
hours at night. It was found that less carbon dioxide was excreted during 
the night than during any single period of the day. 
Wollny (19) studied the influence of shade or cover on the concentra-
tion of carbon dioxide in the soil air. The concentration at 25 cm. depth 
under grass was 0.1993 per cent, under a cover of straw 0.675 per cent and 
in bare soil 0.883 per cent. The influence of density of plant cover on the 
concentration of carbon dioxide in the soil air was studied in another ex-
periment. Oats were planted in cylinders 10 cm. in diameter carrying 3, 
6, 12 and 24 plants per cylinder. The average percentages obtained during 
June, July and August, were 0.497 per cent, 0.344 per cent, 0.231 per cent 
and 0.187 per cent for cylinders carrying 3, 6, 12 and 24 plants respectively. 
Kossowitch ( 8) determined the amount of carbon dioxide given off 
by the roots of mustard in a study of the part played by plant roots in dis-
solving insoluble plant food constituents in soils. The plants were grown 
in zinc containers which held about 600 grams of soil. The soil in the con-
tainers, both planted and unplanted, was leached with a nutrient solution 
at the rate of 5 liters per 24 hours and the amount of carbon dioxide con-
tained in the leachate determined. The determination of carbon dioxide 
began the 18th day after seeding and continued 75 days. The mustard was 
about 1 meter high and was in the blooming stage at the end of the period. 
The amount of carbon dioxide given off during the day was determined 
separately from that evolved during the night. The data presented show 
that the amount of carbon dioxide given off during the day was usually 
less than the amount given off during the night, and that the amount given 
off during both day and night gradually increased until the end of the 
period. , 
Stoklasa and Ernest (16), working with sugar beets, clover, wheat and 
oats growing in nutrient solutions, found significant amounts of carbon 
dioxide given off by the roots of plants. Trif oliurn pratense gave off 5.8 
grams of carbon dioxide per 100 grams of dry substance in 24 hours. The 
ratio of carbon dioxide to dry weight of sugar beet roots decreased from 
5.44 after 24 days to 1.76 after 50 days, 0.52 after 75 days and to 0.31 
after 120 days. 
Lau ( 9) determined the amount of carbon dioxide in the soil air at 
a depth of 13 to 15 cm. under potatoes, barley, seradella, oats, lupines and 
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fallow soils, manured and unmanured, during May, June, July and August. 
The carbon dioxide content of the soil air was higher in the cropped soils 
than in the fallow soils and it was higher under potatoes and lupines than 
under barley and oats. The average percentages on the untreated soils 
were 0.54 for potatoes, 0.44 for lupines, 0.22 for oats and 0.20 for barley. 
Stoklasa and Ernest (17) grew oats, wheat, barley, rye and buckwheat 
seedlings in a nutrient solution 40 to 60 days, then placed the plants 
in an apparatus under aseptic conditions and determined the amount of 
carbon dioxide given off by the roots of these plants. Barley roots gave 
off the largest amount of carbon dioxide but when this was reduced to unit 
Wilight of roots it was the smallest of all plants studied. The amount of 
carbon dioxide given off per unit weight of roots was largest with oats and 
rye. After 68 days the oat plant gave off 135.4 milligrams of carbon dioxide 
piir gram of roots and after 84 days the amount decreased to 111.5 milli-
grams per gram of roots in 24 hours. Plants were grown 56 days in pow-
dered minerals and the amount of carbon dioxide evolved per gram of 
dry roots determined. The oat roots gave off 122.8 milligrams, the barley 
70.34 milligrams, wheat 90.35 milligrams and rye 111.37 milligrams. 
Barakov (1) found that the carbon dioxide content of the soil air 
under various crops was low at the beginning of the growing period but it 
increased rapidly and reached a maximum at the blooming period, then 
it decreased to a minimum at the period of ripening. The maximum evolu-
tion of carbon dioxide by oats, however, was reached about 2 weeks before 
blooming, and by potatoes after blooming. Barley and wheat gave off less 
carbon dioxide than oats. 
Russell and Appleyard (14) found some differences between the con-
centration of carbon dioxide in cropped and fallow soils but concluded that 
the difference was due to soil conditions rather than to the crop. 
Leather (10) found larger quantities of carbon dioxide in the soil near 
plant roots than in bare soil. 
Potter and Snyder (13) found an average of 1.80 per cent carbon 
dioxide in the soil air under timothy, whereas the soil air of an adjacent 
fallow plot contained only 0.517 per cent of carbon dioxide. 
Bizzell and Lyon (2) found striking fluctuations in the carbon dioxide 
content of the soil air of a Dunkirk clay loam cropped to oats. The greatest 
apparent production was at the blooming period. Subsequent to the bloom-
ing period there was a marked decrease in the content of carbon dioxide. 
It was concluded that this decrease was caused by a depressing effect of 
the crop on the production of carbon dioxide by bacterial action. On 
Volusia silt loam the crop apparently had little effect on the carbon dioxide 
content. 
Turpin (18) found that an oat crop on a Dunkirk clay loam increased 
the production of carbon dioxide in the soil. This increase became more 
marked after the first month from the time of seeding, and increased to 
a maximum just previous to or after the plants headed, after which there 
was a gradual decrease. Millet produced about the same increase in carbon 
dioxide in the soil air as did oats but the production of carbon dioxide by 
each millet plant was approximately half as much as the production by 
each oat plant. The most marked rise in the carbon dioxide content of the 
soil air occurred at a later period of growth in the case of the millet than in 
the case of the oats. It was concluded that the plant itself and the soil 
organisms produce most of the carbon dioxide in the soil ; that the plant 
often produced at the period of its most active growth many times as much 
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carbon dioxide as is produced by soil organisms; and that the excess carbon 
dioxide in the soil growing a crop is due to respiratory activity of the plants 
rather than to the decay of root particles from the crop growing on the soil 
at the time of analysis. 
Headden (6) found that under irrigation there was a greater con-
centration of carbon dioxide in the soil air at a depth of 18 inches under 
grass than under clover and that the carbon dioxide content of the air in 
fallow soil was lower than that in cropped soil. It was also found that 
irrigation did not materially increase the carbon dioxide content of fallow 
soil over the non-irrigated fallow soil. 
Lundegardh (11) found that soil covered with oats evolved about 30 
per cent more carbon dioxide than the same soil fallow. He also stated 
that the roots of oats and wheat grown in non-sterile soil evolved about 
45 per cent more carbon dioxide per unit of dry substance than roots grown 
in sterile soil. 
Magers (12) determined the concentration of carbon dioxide in the 
soil air and the evolution of carbon dioxide at the surface of the soil under 
peas, sugar beets, potatoes, oats, barley, corn, clover and in fallow soil dur-
ing June, July and August. It was concluded that the respiration or the 
evolution of carbon dioxide at the surface of the soil depends upon the kind 
of plants grown. The evolution of carbon dioxide was greatest from the 
soil under the legumes and least from the soil under potatoes and the 
cereals. . It was also concluded that plants increase the evolution of carbon 
dioxide from the surface of the soil only so long as the soil is above a cer-
tain minimum moisture content. 
An analysis of the data in the literature shows that carbon dioxide is 
given off by the roots of plants and that some plants give off more carbon 
dioxide than others. In general, though not always, legumes have been 
found to give off more carbon dioxide than non-legumes. It has also been 
found that the amount of carbon dioxide given off by the roots of plants 
increases to a maximum during the period of most active plant growth 
and then decreases. In some cases, the maximum amount of carbon dioxide 
given off by the roots of plants occurs during the blooming period, whereas, 
the maximum is reached earlier or later than the blooming period in the 
case of other plants. The conditions of the experiments have not always 
been completely described and conclusions cannot be drawn. For example, 
no conclusions concerning the carbon dioxide given off by the roots of dif-
ferent plants can be drawn from the work of Boussingault and Lewy. 
Wollny ascribed the decrease in concentration of carbon dioxide in the soil 
air of cropped soils to the shading effect of the plants, whereas, Bizzell and 
Lyon regard it as a detrimental effect of the plant on the microorganisms 
in the soil. 
EXPERIMENTAL 
The percentage of carbon dioxide in the soil air under various crops 
and in fallow soils was determined at weekly intervals during June, July, 
August and September. The soil under investig~tion was a rather uniform 
Carrington loam. The soil air was sampled at a depth of 15 cm. by means 
of a special tube, figure 1, fitted with a rod sharpened at one end which could 
be easily pushed into the soil. Ten-cubic-centimeter samples of the soil 
air were analyzed in a Haldane micro-gas analysis apparatus. The appa-
ratus was supported on a surveyor's plane table when used in the field. 
Three samples of air were taken for analysis at each location of the tube 
cO 
0 
Z..5 CM. 
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Fig. 1. Tube for sampling soil air. 
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TABLE 1. The percentage of carbQn dwxide ·in the air of falww soils 
DATE 
Soil treatment 6-20 6-29 7-7 7-12 1-rn 7-25 8-5 8-10 8-lD 8-24 8-31 9-14 Average !"'1 
Check 0.75 0.30 0.53 0.23 0.26 0.30 0.34 0.41 1.15 0.42 0.78 0.43 0.49 ~ UJ 
I( 
1500 lbs. per acre 
:::3 
ll: 
red clover 0.47 0.30 0.39 0.32 Ml 0.33 0.45 0.2(} 0.96 0.30 0.79 0.49 0.46 > z 
2400 lbs. per acre ti 
sweet clover 0.50 0.23 0.31 0.29 0.13 0,07 0.30 0.20 0.88 0.38 0.66 0.37 0.36 '."d 
~ 
1500 lbs. per acre ~ oat straw 0.52 0.34 0.35 0.37 0.25 0.19 o.41 0.31 0.54 0.38 0.67 0.52 0.40 
Average 0.56 0.29 0.40 0.30 0.31 0.22 0.38 0.30 o.88 0.37 0.73 0.45 0.43 ~ 
Average groups of 
4 weeks each 0.39 0.30 0.61 
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and at least three locations were made on each plot. The results given in 
the tables are, therefore, the averages of 9 readings. 
The percentage of carbon di.oxide in the air of fallow soil 
A series of small plots, treated with various organic materials and 
maintained fallow for one year previous to these studies, was sampled as 
described above. The results obtained are presented in table 1. The 
average concentration of carbon dioxide of the soil air of all soils at the 
different sampling was used in the graph in figure 2. 
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Fig. 2. The relation between the concentration of carbon dioxide in the soil air and 
rainfall. 
The percentage of carbon dioxide in the air of the check soil was higher 
than that of any of the treated soils on June 20, July 7, August 10, August 
19, and August 24, and the average for all readings was significantly higher 
for the check than for the soils treated with sweet clover or straw. Inas-
much as the treatments were made one year previous to the sampling for 
analysis it is not likely that the treatments had any appreciable effect on 
the concentration of carbon dioxide in the soil air at this time. These 
differences might be ascribed to either local variations in the soil from plot 
to plot or to the fact that the concentration of carbon dioxide in the soil 
air, being a resultant of various factors, is not an adequate test for de-
tecting small differences in carbon dioxide production in field soils. These 
facts were both brought out in another test made the following year on 
the same soils in which the treatments were made May 30 and readings 
made at daily intervals beginning June 20. 
The average percentage of carbon dioxide in the soil air of all soils 
for the period was 0.43 per cent. The average values obtained at the dif-
ferent samplings did not vary widely from the average of all readings, ex-
cept for the readings made Jm1e 20, August 19 and August 31. These 
differences, though usually small, are highly significant. The date of 
00 
TABLE 2. The percentage of carb<>n dioxide -in the soil air under corn 
DATE 
Plot 
No. Treatment 6-21 6-28 7-5 7-12 7-19 7-25 8-4 8-9 8-19 8-23 8-30 9-14 Aver. 
lOOOa Check 1.04 1.01 1.01 1.00 0.63 0.37 0.41 0.36 1.69 1.87 1.22 2.09 1.06 
lOOOb Check 1.30 0.76 0.69 1.00 0.65 0.46 0.47 0.23 1.45 1.89 1.48 1.69 1.00 
lOOla Manure 1.32 1.59 0.79 1.02 0.56 0.10 0.41 0.18 2.04 1.79 1.96 1.71 1.12 
lOOlb Manure 1.00 1.74 0.57 1.12 0.63 0.12 0.25 0.39 1.87 2.26 2.60 1.96 1.21 
1002a Manure + lime 1.64 1.43 1.26 0.72 0.64 0.42 0.37 0.27 1.34 1.92 1.57 2.31 1.16 
1002b Manure + lime 1.47 1.25 0.93 0.83 0.76 0.39 0.68 0.20 2.29 1.29 1.04 2.65 1.15 
1003a Manure + lime + ~ rock phosphate l.20 2.26 1.00 0.93 Cl.52 0.33 0.33 o.41 1.71 1.90 2.62 1.67 1.24 
1003b Manure + lime + !II 
rock phosphate 0.99 1.68 1.28 1.20 0.93 0.40 0.78 0.34 2.33 1.90 1.93 1.95 l.3i '(/.l 
1004a Manure + lime + is: 
.... 
superphosphate 0.90 1.32 1.06 1.40 0.32 0.08 0.42 0.38 1.80 1.53 1.12 1.37 0.98 ~ 
1004b Manure + lime + :.: 
superphosphate 0.98 1.04 1.08 1.20 0.63 0.30 0.27 0.48 2.28 2.05 1.54 1.24 1.09 ~ 1005a Check 1.11 1.33 0.90 1.24 0.67 0.50 0.23 0.63 1.32 2.20 1.73 1.97 1.15 
'=' 1005b Check 0.70 0.63 0.99 2.26 0.88 o.41 0.74 0.35 2.50 2.73 1.82 2.25 1.36 :i:i 1006a Crop residues 0.74 1.66 1.07 0.93 0.64 0.37 0.76 0.38 1.15 1.98 1.51 1.73 1.08 
1006b Crop residues 0.82 0.95 1.09 0.73 0.81 0.73 0.59 1.34 1.76 1.35 1.75 1.08 r':I 
1007a Crop residues + lime 1.03 0.84 1.65 1.50 0.85 0.34 0.50 0.59 1.42 2.01 1.93 1.86 1.21 td 
:ia lOOib Crop residues + lime 0.60 1.21 1.24 1.53 0.57 0.60 0.64 0.66 1.68 1.45 1.97 1.33 1.12 0 
1008a Crop residues + lime ~ + rock phosphate 1.80 0.85 1.09 1.26 0.80 0.42 0.66 0.36 1.09 1.15 1.63 1.76 1.07 
1008b Crop residues + lime 
+ rock phosphate 1.34 0.94 0.76 1.76 1.19 0.54 0.76 0.52 1.44 1.70 2.53 1.21 1.22 
1009a Crop residues + lime 
+ superphosphate 1.12 1.03 1.05 1.17 0.46 0.42 0.45 0.43 2.06 1.60 1.93 1.41 1.09 
1009b Crop residues + lime 
+ superphosphate 0.63 2.00 0.99 1.68 1.03 0.57 0.81 0.34 2.47 1.80 2.44 1.53 1.36 
1010a Check 1.31 1.14 0.58 1.73 0.68 0.21 0.55 0.57 1.38 1.35 2.03 1.65 1.10 
1010b Check 1.27 1.19 0.78 1.20 0.61 0.60 0.51 Q.61 2.28 1.20 2.10 1.63 1.17 
Average 1.11 1.26 0.99 1.26 0.67 0.40 0.53 0.42 1.77 1.79 1.82 1.76 1.15 
a = between rows 
b = under _rows 
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sampling was apparently the most important factor in determining the 
percentage of carbon dioxide in the air of these treated and untreated fallow 
soils. If the twelve weekly readings are divided into three periods of four 
weeks each, a highly significant difference is found between the percentage 
of carbon dioxide in the soil air during the different periods. The per-
centage of carbon dioxide in the air of all soils was affected similarly and 
the differences were apparently caused by temperature or a combination 
or temperature and other weather conditions. 
The percentage of carbon dioxide in the soil air under corn 
The concentration of carbon dioxide in the soil air under corn was 
determined on a series of plots in a five-year rotation of corn, oats, clover, 
wheat and alfalfa. The soil treatments and the percentages of carbon 
dioxide are shown in table 2. Two locations with respect to the plant were 
sampled on each plot. One sample of soil air was drawn from near the 
plant and is designated ''under the row'' and the other sample designated 
"between the rows" was drawn as far from the plant as possible. The corn 
was planted in checks 42 inches apart. 
At the first sampling, June 21, the corn was about 10 inches high. It 
grew rapidly during the next four weeks and was beginning to tassle July 
12. During the next three weeks the corn fired considerably. At this time 
the ears were well formed and beginning to fill out. The corn was dented, 
the silks were dead and the shucks were beginning to ripen at the la_st 
sampling, September 14. An analysis of variance of the data was made 
by the method of Fisher ( 5). The results obtained are presented in tables 
2 and 3. 
TABLE 3. A1Jerage percentage carbon dioxide in soil air WI. 
a-b positions dwrim-g th!ree perfods 
Position 
a - between rows 
b - under row 
Average 
1 
1.18 
1.13 
1.16 
4-week periods 
2 
0.45 
0.57 
0.51 
3 
1.71 
1.86 
1.79 
Average 
for 
season 
1.11 
1.19 
1.15 
The data in the table show a significant difference between the per-
centages of carbon dioxide in the soil air under the row and between the 
rows. There was also a significant change in the r.elative magnitudes of 
the a and b readings from date to date and from plot to plot, table 3. The 
average percentages of carbon dioxide in the soil air between the rows of 
corn were greater than those under the row during the first four weeks of 
the experiment but lower during the remaining eight weeks. The high 
concentration of carbon dioxide in the soil air under the rows during the 
last eight weeks of the experiment corresponds with the period of maximum 
growth of the corn. The differences between the a and b readings during 
the first four weeks are not highly significant but may be explained if one 
assumes a detrimental effect of the young corn plants on the activity of 
the microorganisms in the vicinity of the corn roots. There was a small 
but insignificant difference between the means of all checks and all treat-
ments, the former being larger than the latter. This would, as was shown 
in the case of fallow soils, indicate no effect of treatments on the content 
of carbon dioxide in the soil air. 
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The percentage of carbon dioxide in the soil afr under various crops 
The concentration of carbon dioxide in the soil air under cowpeas, soy 
beans, alfalfa, red clover, wheat, oats and blue grass was determined as 
described above at weekly intervals from June 20 until September 13. 
Samples of soil air for analysis were taken from under the row and be-
tween the rows of cowpeas and soy beans. The samples of soil air for 
analysis from alfalfa, red clover, wheat and oats were taken from a check 
plot and an adjacent manured plot. The results obtained are presented 
in table 4 and the averages of all readings for each crop in figure 3. 
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Fig. 3. The concentration of carbon dioxide in the soil under various crops. 
At the first sampling, June 20, the alfalfa had just been cut the first 
time. The red clover was in bloom and wheat and oats were just headed 
out. 
At the July 5 sampling the alfalfa was about 12 inches high, the red 
clover was about 8 inches high and the wheat had been harvested. 
The oats had been harvested at the July 11 sampling. The alfalfa 
was being cut a second time. The red clover was about 10 inches high. 
The soy beans were in bloom at the July 25 sampling, the stand of 
alfalfa was thin and the red clover was in bloom. There was no clover in 
the wheat or oat stubble. 
At the August 3 sampling, soy bean pods were forming, cowpeas were in 
bloom and red clover was ripening. Alfalfa was about 8 inches high. 
The red clover was being cut at the August 8 sampling. The alfalfa 
was beginning to bloom. 
At the August 16 sampling the cowpeas and soy beans were ripening. 
The alfalfa was cut the third time during the week of August 30. The 
red clover was about 10 inches high. 
The results in the table show that the difference in the percentage of 
TABLE 4. The percen.t.Jge of oarb011. dioxide m the soil air under tiario1t.s crops and di fferent treatments 
Plot Crop 
DATE 
No. Treatment 6·20 6·27 7.5 7-11 7-18 7-25 8-3 8-8 8-16 8-23 8-30 9-14 Average ~ 900a Soy beans Check 1.18 1.01 0.57 0.77 0.29 0.31 0.86 0.84 2.40 1.71 2.39 1.13 1.04 t:i:I 
900b Soy beans Check 0.55 0.62 0.63 0.95 0.47 0.29 0.94 0.59 2.40 1.15 2.47 1.60 1.06 0 z 
90la Cowpeas Cheek 0.28 0.85 1.18 0.47 0.31 0.28 0.75 0.52 1.09 1.26 0.85 2.36 0.85 t:: ..... 
!>Olb Cowpeas Check 0.61 0.91 0.71 1.15 0.37 0.46 0.64 0.51 1.55 1.83 3.00 2.40 1.18 ~ 
..... 
817 Red clover Check 1.61 2.80 2.18 2.30 0.74 0.61 1.01 0.73 1.33 1.20 3.50 3.05 1.76 [;] 
818 Red clover Manure 1.76 2.16 1.76 1.60 0.76 0.68 1.01 0.38 1.36 0.86 1.99 1.83 1.35 ..... z 
924 Alfalfa Check 1.81 2.50 2.00 2.40 1.05 0.59 1.65 1.21 2.45 1.86 1.36 1.49 1.70 8 
925 Alfalfa Manure 2.80 2.80 3.00 1.84 0.88 0.95 2.26 1.31 2.48 1.66 0.94 2.80 1.98 ~ 
805 Oats Check 1.41 1.77 0.40 0.89 0.91 0.38 0.96 ~ 
806 Oats Manure 1.73 1.77 0.75 1.47 0.74 0.23 1.12 8 
804 Wheat Cheek 0.57 2.28 1.01 1.55 0.39 O.o7 1.08 ~ 
808 Bluegrass 0.18 0.78 0.79 0.26 0.10 0.06 0.19 0.17 1.12 0.47 0.07 0.50 0.39 
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carbon dioxide in the soil air under the row of soy beans and between the 
rows was not significant. However, the trend in the four-week intervals 
was similar to that in corn. In the case of cowpeas, there was a significant 
difference but the trend found in the four-week intervals was different from 
that found in corn and soy beans. 
The average percentage of carbon dioxide in the soil air was higher in 
the manured plot than in the check plot in the case of alfalfa but the check 
plot averaged higher in carbon dioxide content in the case of red clover. 
The means of the two checks compared with the means of the two manured 
plots show a small but significant increase in carbon dioxide content of the 
soil air on the check plots. There was also a change in the trend during 
the four-week periods in the case of red clover and alfalfa, the highest 
concentration being found during the first period, whereas, in the case of 
all other crops, the highest concentration of carbon dioxide was found in 
the soil during the last four weeks of the experiment. 
This is no doubt explained by the fact that these crops are perennial 
and the first period of the investigation corresponds with the period of 
maximum growth of these crops. The notes taken on the condition of the 
crops throughout the season show that both alfalfa and red clover made 
poor growth during the latter part of the period. 
The average percentage of carbon dioxide in the soil air under blue 
grass sod was 0.39 and the same trend was shown during the four-week 
periods as was shown in the case of corn and fallow soils. 
The data for all treatments of each crop and the fallow soils were 
averaged and the results presented in table 5 and in figures 2 and 3. 
The average percentage of carbon dioxide in the soil air was highest 
under alfalfa, 1.84 per cent, and 1.55 per cent under red clover. The 
amount of carbon dioxide under the other crops, corn, soy beans and cow-
peas were about the same, being slightly above 1 per cent. The average 
percentages for blue grass sod and fallow land were 0.39 and 0.43 per cent, 
respectively. The averages for oats and wheat are not comparable with 
the other crops because the period of maximum growth and harvest oc-
curred before and during the first half of the experiment. 
An analysis of variance of the data for all crops shows a significant 
difference between the concentration of carbon dioxide in the soil air under 
the various crops. The following groups may be recognized: 
1. Blue grass-fallow 
2. Soy beans, cowpeas and corn 
3. Red clover and alfalfa 
DISCUSSION 
Small but significant variations were observed in the carbon dioxide 
content of the soil air of variously treated plots and the variations from 
plot to plot were not, apparently, attributable to treatment but indicate 
local variations in soil which produce greater differences than treatment. 
The results emphasize the limitations of the method for determining the 
production of carbon dioxide in the soil. 
In general, the concentration of carbon dioxide in the soil air of the 
cropped soils followed much the same trend as it did in the fallow soils. 
The greatest variation in carbon dioxide content of the soil air occurred 
from date to date and in a similar way with all crops and treatments. The 
amount of moisture in the soil was not determined regularly but from the 
rainfall data in table 6 and :figure 2, it is evident that the fluctuations in 
TABLE 5. Average percentage of carbon dioxide in the soil air under vari-0us cr-0ps 
DATE 
Crop 6-20 6-27 7-5 7-11 7-18 7-25 8-3 8-8 8-16 8-23 8-30 9-13 Average c 
Corn 1.11 1.26 0.99 1.26 0.67 0.40 0.53 0.42 1.77 1.79 1.82 1.76 1.15 ~ 0 
z 
Oats 1.57 1.77 0.58 1.18 0.83 0.31 1.04 t:I 
.... 
0 
Wheat 0.57 2.28 1.01 1.55 0.39 0.07 1.08 ~ 
Soy beans 0.87 0.82 0.60 0.86 0.38 0.30 0.90 0.72 2.40 1.43 2.43 1.37 1.05 ... z 
Cowpeas 0.45 0.88 0.95 0.81 0.34 0.37 0.68 0.52 1.32 1.55 1.93 2.38 1.01 >'3 
Red clover 1.69 2.48 1.97 1.95 0.75 0.65 1.01 0.56 1.35 1.03 2.75 2.44 1.55 
~ 
~ 
Alfalfa 2.31 2.65 2.50 2.12 0.97 0.77 1.96 1.26 2.47 1.76 1.15 2.15 1.84 ~ 
Bluegrass 0.18 0.78 0.79 0.26 0.10 0.06 0.19 0.17 1.12 0.47 O.o7 0.50 0.39 ~ 
Fallow 0.56 0.29 0.40 0.30 0.26 0.22 0.38- 0.30 0.88 0.37 0.73 0.45 0.43 
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carbon dioxide content of the soil air were not directly related to rainfall 
and hence it may be assumed not to the moisture content of the soil. A 
low rate of production during the intermediate weeks or an increased dif-
fusion velocity would account for the lower percentages of carbon dioxide 
in the soil air during this period. Much higher soil temperatures prevailed 
during the second and third periods than during the first and undoubtedly 
had some effect on the values obtained. The rate of diffusion and solution 
of carbon dioxide as well as the rate of production and soil variability ap-
parently masked any large differences in concentration due to the soil 
treatments. 
TABLE 6. .A,;erage daily rainfall in i11Whes d11ring the swmmer of 19/Jt 
Month 
Date June July August September 
1 0 0.28 0 0.10 
2 0.08 0.67 0.02 • 
3 0.41 0.87 0.87 0 
4 0.67 * 0 0 
5 0.32 0 0 0 
6 0.12 0 * 0.33 
7 0.83 0.90 * 0 
8 0.12 * 0 0 
9 * 0 0.10 * 
10 0 0 0.92 0.07 
11 0 0 0 1.02 
12 0 0 0 2.10 
13 0 0.91 0 0.10 
14 0 0.49 0 0.09 
15 1.21 0.08 0 0.02 
16 0.15 0 * 0 
17 * 0.21 0 2.55 
18 0 1.40 0 0 
19 0 0.02 0 0 
20 0 0 0 0 
21 0 0 * 0 
22 0 0 0.12 0 
23 0 0 0 0 
24 * * 0 0 
25 0.33 0 0.02 0.51 
26 0.65 0.59 0 0 
27 0 0.02 0 0.29 
28 0 0 0 0.33 
29 0 0 0 0 
30 0.08 0 0 * 
31 0 0.77 
*Trace 
These data show that the carbon dioxide was produced by the micro-
organisms and the roots of the crop plants, assuming a constant and small 
amount to be produced by chemical reaction. A higher production of car-
bon dioxide by the roots of all leguminous plants than by the non-leguminous 
plants was not observed. However, the deeper rooted legumes, alfalfa and 
red clover, apparently produced more carbon dioxide than the shallow root-
ed plants. It cannot be assumed that the rate of diffusion was the same 
in the soils under all the crops since the moisture relations were not neces-
sarily the same under the different crops. However, the difference in con-
centration of carbon dioxide in the soil air caused by such differences in 
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rate of diffusion would not account for the large percentage concentration 
found under soy beans and cowpeas during the ripening period of these 
crops. It is also unlikely that these plants would be evolving carbon dioxide 
so much more rapidly during this period than during the period of maxi-
mum growth. It would seem more likely at this stage that the micro-
organisms were more active due to stimulation by the plant, perhaps the 
decomposition of dead roots or nodules. A depressing effect on the soil 
microorganisms was apparently brought about by the blue grass since it 
is not likely that the rate of diffusion under blue grass would be so much 
greater than in fallow soil. The decreased concentration of carbon dioxide 
in the soil air under all crops and especially under corn from July .11 to 
August 8 was apparently due to an increased diffusion rate, temperature 
effect and to less active respiration of the roots of the plants rather than 
to a depressing effect of the crop on the soil microorganisms or decreased 
microbiological action. The variations in the carbon dioxide content of 
the soil air under red clover and alfalfa appeared to be related more to 
the stage of development of the plant than to the time the crop was cut. 
If harvesting the crop was delayed beyond the blooming stage, the decrease 
in carbon dioxide occurred before harvest. Headden (6) observed a de-
crease in the carbon dioxide content of the soil after harvest and concluded 
that in cutting the clover, growth was not only retarded but that the plant 
apparently exerted a depressing effect on the microorganisms. From these 
data it would seem that the fluctuations in carbon dioxide content of the 
soil air under these crops were due to a decreased activity of the plant. 
The concentration of carbon dioxide in the soil air under wheat and oats 
was not followed from the time of seeding but the observations began about 
the time the plants were beginning to head. After these crops were har-
vested, the concentration of carbon dioxide gradually decreased to about 
the same level as that of the fallow soil. 
SUMMARY AND CONCLUSIONS 
The concentration of carbon dioxide in the soil air in fallow soil and 
in soils under different crops and various soil treatments was determined 
during the period June 20 to September 14. Significant differences were • 
observed between the percentage content of carbon dioxide in the soil air 
of variously treated soils under corn but the differences were not large. 
Significant differences were also observed in the content of carbon dioxide 
in the soil air under different crops. The data show in some cases a stimu-
lating effect of the plants on microbiological action in the soil. A slight 
depressing effect of blue grass on microbiological action was indicated. The 
general conclusion that all legumes produce more carbon dioxide than other 
crops seems unwarranted. The deeper rooted legumes, alfalfa and red 
clover, produce larger amounts of carbon dioxide than the shallow rooted 
cowpeas and soy beans. The cereals and the shallow rooted legumes, cow-
peas and soy beans, produce about the same amounts of carbon dioxide but 
the legumes may stimulate microbiological action to a greater extent than 
the cereals. The concentration of carbon dioxide in the soil air as a 
measure of the rate of carbon dioxide production in field soils is of limited 
value and is generally not a desirable method for detecting differences due 
to soil treatment, unless the experiment is especially planned to eliminate 
the other variations which occur between apparently uniform soils. 
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This study of the construction and mechanical performance of medium 
grades of typical and staple fabrics was undertaken to gain definition by 
quantitative description. Repeated consideration has been given fabrics of 
similar construction but different names, different grades of a fabric, and 
fabrics at different stages of manufacture. · · 
Professor 0. Settles of the Department of Textiles and Clothing, Iowa 
State College, suggested the study and most generously selected and ac-
quired about one-third of the fabrics. Many have given fabrics and help in 
obtaining fabrics and forty-two of the fabrics were analyzed in this labora-
tory by Miss Ida Anders (fabrics 91, 160, 234, and 243), Miss Florence 
Barr (fabric 291), Miss Mildred Barr (fabrics 21, 45, 171, and 296), Miss 
Eleanor Fisher (fabrics 150 and 178), Miss Margaret Furry [3, 4, 5] ,1 
(fabrics 26, 4.8, 98, 100-103, 107, 109-116, 120, 124, 189, and 195), Miss Ruth 
Gerber (fabric 285), Miss Marion Griffith [7], (fabric 62), Mrs. Donald 
MacKay [8], (fabric 44), Miss Jeanette Ross (fabric 299), Miss Thelma 
Sprague [7], (fabrics 221-224), Mrs. Paul Van Ess (fabric 51), Mrs. Arthur 
Walde (fabric 263), and Mrs. Arthur Young [7], (fabric 81). 
The fabrics, as indicated in table 1, are considered in the order of the 
following classification : 
A. Fabrics of fibrous structure (fabric 1) 
2A. Fabrics constructed of yarns 
B. Fabrics of one series of yarns 
C. Laid fabrics2 (fabric 2) 
2C. Plaited fabrics8 (fabrics 3 and 4) 
3C. Knitted fabrics' 
D. Simple knitted fabrics 
E. Chain-stitched fabrics (fabric 5) 
2E. Filling knitted fabrics 
F. Plain flat filling knitted fabrics (fabrics 6 and 7) 
2F. Rib filling knitted fabrics (fabric 8) 
3E. Warp knitted fabrics (fabric 9) 
2D. Plated flat filling knitted fabrics (fabrics 10 and 11) 
2B. Fabrics of more than one series of yarns 
C. Net fabrics formed of yarns arranged in meshes 
D. Fabrics of hexagonal mesh (fabrics 12-14) 
2D. Fabrics of square mesh (fabric 15) 
1 Literature references are indicated by [ ]. 
2 The yarns of laid fabrics are held in parallel relationship by means of a binding 
material. 
a Plaited fabrics are formed by the interlacement of one series of yams. 
' Knitted fabrics are made on more than one needle by interlooping one yarn or sev-
eral parallel yams. 
[17] 
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2C. Woven fabrics5 
D. Fabrics in which systems of parallel yarns interlace only at 
right angles 
E. Fabrics in which one system of parallel yarns is interlaced 
at right angles with a second system of parallel yarns 
F. Fabrics of plain weave6 
G. Fabrics of simple plain weave (fabrics 16-143) 
2G. Fabrics of figured plain weaves (fabrics 144-146) 
3G. Fabrics of derived plain weaves 
H. Fabrics of simple rib weaves 
l. Fabrics of simple warp rib weaves7 (fabrics 
147-151) 
21. Fabrics of simple filling rib weaves8 (fabric 
152) 
2H. Fabrics of fancy rib weaves 
I. Fabrics of fancy warp rib weaves9 (fabrics 
153-156) 
21. Fabrics of fancy filling rib weaves10 (fabrics 
157-163) 
3H. Fabrics of combinations of warp rib and filling 
rib weaves 
l. Fabrics of basket, checker, hopsack, or matt 
weaves 
J. Fabrics of simple basket weaves11 (fabrics 
164-166) 
2J. Fabrics of fancy basket weaves12 (fabrics 
167-170) 
21. Fabrics of oblique rib weaves13 (fabric 171) 
6 Woven fabrics are formed by some definite arrangement of interlaeement at right 
angles of one set of systems of parallel yarns or flexible strips with a second set of 
systems of parallel yarns. The systems of yarn lengthwise of the fabric are the warp 
systems; those at right angles to the warp yarns are the filling systems. Weaves are 
designated by the order in which the first warp yarn of a repeat, the smallest number of 
warp and filling yarns which gives the complete order of interlacement, interlaces with 
the filling yarns. 
e The plain, calico, cotton, tabby, or taffeta weave is a pattern in which each yarn in 
each series passes alternately over and under consecutive yarns of the other series. 
1 Ribs of warp, long ribs, a.re formed by the alternate passing of every filling yarn 
over and under two or more warp yarns. 
s Ri~s of filling, cross ribs, are formed by the alternate passing of every warp yarn 
over and under two or more filling yarns. 
9 Fancy warp rib weaves are combinations of warp rib and plain weaves. 
10 Fancy filling rib weaves are combinations of filling rib and plain weaves. 
11 Simple basket weaves are cominations of simple rib weaves of the same warp and 
filling effects. 
12 Fancy basket weaves are combinations of simple rib weaves of different warp and 
filling effects or eombinations of fancy rib weaves. 
1a One repeat of an oblique rib weave is formed by alternately filling the eight right 
triangles which meet at the center of a square, or the tiiangles f.ormed by pairs of these 
triangles, with warp rib and filling rib effects. 
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2F. Fabrics of twill weaves14 
G. Fabrics of simple twill weaves 
H. Fabrics of 1/2, Cashmere, Genoa, or sacking 
twill weave (fabrics 172-177) 
2H. Fabrics of 2/1, Gloria, Jeanette, or Prunella 
twill weave (fabrics 178-186) 
3H. Fabrics of 2/2, Batavia, blanket, cassimere, 
Celtic, common, Harvard, serge, shalloon, or 
sheeting twill weave (fabrics 187-199) 
4H. Fabrics of 1/3 or swansdown twill weave (fa-
bric 200) 
5H. Fabrics of 3/1 or crow twill weave (fabrics 201 
and 202) 
6H. Fabrics of 1/4, Beatrice, or Italian twill weave 
(fabrics 203 and 204) 
7H. Fabrics of 4/1 twill weave (fabric 205) 
SH. Fabrics of 3/3 twill weave (fabric 206) 
2G. Fabrics of derived twill weaves 
H. Fabrics of twill weaves of one diagonal 
I. Fabrics of steep, elongated, diagonal, or 
round twill weaves (fabrics 207 and 208) 
21. Fabrics of combination or double twill 
weaves (fabrics 209 and 210) 
31. Fabrics of rearranged twill weaves 
J. Fabrics of skip, non-continuous, or offset 
twill weaves (fabric 211) 
2J. Fabrics of corkscrew twill weaves (fa-
brics 212-215) 
3J. Fabrics of satin weaves15 
K. Fabrics of simple satin weaves (fa-
brics 216-238) 
2K. Fabrics of derived satin weaves 
L. Fabrics of double satin weaves16 
(fabric 239) 
H The twill, eroise, or serge weave is a pattern in which each successive filling yarn 
interlaces correspondingly, but not alternately, with successive warp yarns and dev.elops 
a. distinct diagonal across the fabric. A twill is termed regular, steep, or reelining ae-
cording as the angle at which it crosses the fabric is forty-five degrees, greater, or 
less [11). Twills are designated as right or left according as the diagonal lies to the 
right or to the left of the filling yarn (viewed from the opposite selvage) at right angles 
to the selvage at the point of intersection of the diagonal and the selvwge [9]. The 
diagonal of the twill is emphasized by filling yarns of the same direction of twist as the 
twill and by warp yarns of the opposite direction of twist. Balaneed twills show warp 
and filling yarns to the same extent on each surface of a fabric; either warp or filling 
yarns predominate on surfaces of uneven twills. 
1s The rearrangement of a continuous twill weave to form a regular smooth-faced satin 
weave is accomplished by such distribution of the interlacements that these will be more 
or less obscured by adjacent yarns. The number of warp yarns the point of interlace-
ment advances every successive filling yarn of a regular satin is the eounter, either of 
the numbers obtained upon division of the number of warp yarns in the repeat into two 
unequal parts of no common divisor. 
1s Double satin derivatives of regular satin weaves have twice the interlacement of 
warp and filling yarns in one repeat. 
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2L. Fabrics of crepe, granite, oatmeal, 
or pin-head weaves (fabrics 171, 
240, and 241) 
2H. Fabrics of transposed twill weaves, of more 
than one diagonal 
I. Fabrics of angle, arrowhead, chevron, feath-
er, herringbone, pointed, saw-toothed, wavy, 
or zigzag twill weaves 
J. Fabrics of simple pointed twill weaves 
(fabrics 242 and 243) 
2J. Fabrics of fancy pointed twill weaves 
(fabrics 244-247) 
21. Fabrics of broken, entwining, or interlacing 
twill weaves (fabrics 248 and 249) 
3I. Fabrics of curved, deflected, serpentine, or 
undulating twill weaves (fabric 250) 
2E. Fabrics in which two systems of parallel yarns are inter-
laced at right angles with a third system of parallel yarns 
F. Fabrics of backed weaves17 
G. Warp-backed fabrics formed of two sets of warp 
yarns and one set of filling yarns (fabrics 251-258) 
2G. Filling-backed fabrics formed of one set of warp 
yarns and two sets of filling yarns (fabrics 259-
267) 
2F. Pile fabrics1 8 
G. Warp pile fabrics (fabrics 268-275) 
2G. Filling pile fabrics (fabrics 276-280) 
3E. Fabrics formed of two sets of warp yarns and two sets of 
filling yarns 
F. Ply or sandwich fabrics (fabrics 281 and 282) 
2F. Fabrics of double construction 
G. Loose-back fabrics 
H. Fabrics of a reverse surface of floating yarns 
(fabric 283) 
2H. Blister, doubly transposed, or stitched fabrics 
(fabric 284) 
2G. Fast-back fabrics (fabrics 285-287) 
4E. Fabrics formed of two sets of warp yarns and three sets 
of filling yarns 
F. Half-fast-back fabrics (fabric 288) 
2F. Wadded blister fabrics (fabric 289) 
5E. Fabrics formed of three sets of warp yarns and two sets 
of filling yarns (fabric 290) 
2D. Fabrics in which a system of parallel warp yarns interlaces 
at right angles with a system of parallel filling yarns and is 
crossed with yarns of another warp system 
E. Full, plain, or simple gauze fabrics (fabrics 291-295) 
2E. Fancy gauze or leno fabrics, combinations of gauze and 
plain weaves (fabrics 296-300) 
11 Ba.eked-weave constructions are used to increase the bulk, strength, or weight of a 
fabric, to figure the fabric, or to make the fabric reversible. 
1s The foundation of a pile fabric is covered partly or completely with short project-
ing ends or loops formed by another system of yams, the pile. 
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METHODS OF ANALYSIS 
Asbestos, the plant fibers, and the wools were identified microscopically. 
Silk was distinguished from rayon by Millon 's test. The solubility of cellu-
lose acetate rayon in acetone was used to distinguish this rayon from the 
regenerated celluloses. Copper and silver were identified by the usual pro-
cedures of qualitative analysis. 
For the estimation of the wool of union textiles samples of approxi-
mately five grams were dried at from 105° to ll0°C. until constant within 
four-tenths of a milligram (weighed by the method of tares) and treated 
with 500 cc. of 0.5 N sodium hydroxide at 90°C. and constant volume for 15 
minutes. The residues of regenerated cellulose or jute were washed with 
300 cc. of water, 200 cc. of one per cent acetic acid, and with several por-
tions of hot water, dried at room temperature, and heated again to constant 
weight. The loss in weight, corrected for the amount of regenerated cellu-
lose or jute dissolved in blank determinations, was calculated as the per-
centage of wool in the mixture. The values reported are the averages of two 
or more determinations which checked within 0.5 per cent [2]. 
The lengths of ten individual fibers were measured with an accuracy 
of one-sixteenth of an inch by means of a calibrated steel scale. The aver-
age of these ten measurements is reported as the length of the fiber. 
Ten determinations were made of the number of twists per two-inch 
lengths of yarn by means of the Precision Twist Counter. The average 
number of twists per inch of yarn, the deviation from this average, and the 
direction [1] of twist are reported. 
Two ten-yard lengths of yarn were conditioned and weighed to the 
nearest milligram. From the average of these weights the number of yards 
of yarn per pound was calculated. 
The number of yarns of each kind per inch was counted in five different 
places six inches apart in the fabric and not within one inch of the selvage. 
The average of these five counts is reported as the number of yarns per 
inch of fabric [1]. 
A sample of fabric two inches square was conditioned, weighed, and 
ravelled into yarns. Each kind of yarn was then weighed separately and 
the percentage of yarn was calculated from the average of two determina-
tions. 
Two samples, each from different parts of the fabric, of approximately 
the same area, not less than four inches in length and of the entire width 
of the fabric, were conditioned, weighed to the nearest milligram, and 
measured. The average of these two determinations was taken as the basis 
of calculation for the weight in ounces of a square yard of the fabric [ 6]. 
Ten measurements of the thickness of a fabric were made at different 
portions of the fabric, exclusive of fabric within six inches of the selvage, 
by means of a micrometer which pressed upon a circle of fabric, three-
eighths of an inch in diameter, with a pressure of six ounces. The thick-
ness reported is the average thickness in inches [1]. 
The width of a fabric was determined by laying the fabric without 
tension on a fiat surface and measuring, with a calibrated steel scale, the 
distance from edge to edge at right angles to the length with an accuracy of 
one-sixteenth of an inch. The width reported is the average of five measure-
ments made at different places in the fabric [1]. 
A sample of approximately five grams of fabric containing no selvage 
was placed in a weighing bottle and dried at from 105° to 110°C. until con-
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stant. The fabric was then boiled at constant volume for one hour in 500 
cc. of distilled water, rinsed, dried in the air, and finally dried to constant 
weight. The loss in weight was calculated as the percentage of water-
soluble substances. The value reported in each case is the average of two 
determinations which checked within 0.4 per cent. 
A sample of approximately five grams of fabric containing no selvage 
was placed in a weighing bottle and dried at from 105° to 110°0. until con-
stant. The fabric was then ignited to constant weight in a porcelain cruci-
ble at a dull red heat in an electric furnace. The percentage of ash was 
calculated from the average of two determinations which checked within 
0.12 per cent. 
Yarns were drawn in each of the cellulosic fabrics, not within three 
inches of the selvage, outlining a square ten by ten inches. This sample 
was then immersed in boiling distilled water, boiled for thirty minutes at 
constant volume, transferred to distilled water at room temperature for 
thirty minutes, removed, dried at room temperature, and pressed without 
stretching. The square was again measured and the percentage of change 
in length and in width was calculated as shrinkage [6]. 
Twenty samples (four by six inches) with the long dimension of the 
direction of the warp and twenty samples with the long dimension of the 
direction of the filling were cut from the fabric, exclusive of fabric within 
one inch of the selvage, so that, in case the width of the fabric permitted, 
no two samples of any ten in the same direction included the same yarns in 
that direction. Ten samples from the warp direction and ten from the fill-
ing direction were conditioned before testing; ten of the warp and ten of 
the filling were saturated with distilled water for five minutes before test-
ing. The clamps of the jaws of the Scott Universal Tester (one-inch :front 
jaws and two-inch back jaws) were fastened three inches apart in the body 
of the sample so that the same yarns were held by both pairs of jaws in the 
direction of strain. The sample was strained to the breaking point, the 
pulling jaw traveling at a speed of twelve inches per minute. A record of 
the stress-strain curve was made by the Autographic Recorder. The aver-
age breaking strength in pounds, the deviation from this average, and the 
average elongation at the breaking load were calculated for conditioned 
and for wet fabrics [1]. 
The weight of yarns and fabrics and the breaking strength and elonga-
tion were determined for samples conditioned for four or more hours at 
70° -+- 3°F. and 65 -+- 3 per cent relative humidity. The humidity was 
read from a hygrodeik placed three feet in front of a fan and calibrated 
by the chemical method [10]. 
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TABLE 1. .tf:nalysis of textiles 
Na.me of fabric Fiber Yarn 
Classifiea· Length Construe- Twist Count No. Pctg. 
ti on ti on per of 
in. of fabri c 
fa.bric 
Devi a.-
ti on 
No. Inch 
no. per in., 
direction netir. 
yds. 
oorlb. 
A. Fabrics of fibrous structure 
1 Felt wool w 
F 
c. Laid fabrics 
2 Ribbonzine silk continuous Waingle 0 - 100.0 
(Pl. IA) F 
2C. Plaited fabrics 
3 Braid (Pl. IIA) cotton 1.1 W2·ply 17L, 13R 6,7 8,820 2.7 1.6 
regenerated continuous Wmultl· 0 7,875 85.3 98.4 
cellulose filament 
F 
4 Wicking cotton 0.9 W4·ply 5L,4R 10,18 1,016 14.0 100.0 
(Pl. IIB) F 
E. Chain-stitched fabrics 
5 Padding cotton 1.2 W2-ply 14L, 9R 4,12 6,653 5.0 10.0 
(PI. IIC) cotton 0.9 F roving 0 57 3.0 90.0 
F. Plain flat filling knitted fabrics 
6 Jersey, hollow regenerated w 44.0 
regenerated oolluloae continuous F multi· 2L 10 15,397 49.0 100.0 
cellulose rayon filament 
7 Jersey, wool w 27.0 
(Pl. IID) wool 2.6 F woolen SR a 13,389 85.0 100.0 
2F. Rib filling knitted fabrics 
8 Balbriggan or w 29.0 
Stockinette cotton 1.2 F single 12R 9 22,907 82.0 100.0 
(Pl. IIE) 
2E. Warp knitted fabrics 
9 Chamoisette cotton Wsingle -R 64.0 100.0 
(Pl. IB) F 48.0 
2D. Plated flat filling knitted fabrics 
10 Astrakhan w 18.0 
(Pl. IC) cotton 0.9 Fgsingle llR 11 15,960 16.0 48.8 
wool 4.4 Fp2·ply 2L,2R 25,15 770 8.0 54.9 
loop 
w 24.0 
11 Puttee or cotton 0.9 Fgaingle 16R 6 20,479 32.0 48.7 
Fleeced knit cotton 0.7 Fpl single -L 8,150 82.0 51.1 
D. Fabrics of hexagonal mesh 
12 Bobbin et cotton 0.9 W2·ply 22L, 15R 15,12 18,801 82.0 87.3 
(Pl. IIF) cotton 0.9 F 2-ply 31L, 19R 10, 14. 21,689 26.0 62.7 
13 Malin es silk continuous Wsingle 28.2 
silk continuous F single 20.8 
14 Tulle or silk continuous Wsingle 81.0 
Illusion silk continuoua F single 108.0 
2D. Fabrics of square meah 
15 Filet (PI. IIG) cotton 1.3 WS·ply 25R, 9L, 17L, 4, 7, 8, 11,340 60.0 60.5 
novelty 41L, 13R 2, 5 
cotton 1.3 F 2-ply 15L, llR 9,11 22,361 28.0 39.6 
G. Fabrics of simple pie.in wea.ve (Fig. 1 A) 
16 Airpla.ne cloth cotton 1.1 W2·ply 17L, 24R 10, 8 22,697 81.0 51.9 
cotton 1.2 F 2-ply 16L, 15R 6,10 23,789 82.0 49.6 
17 Albatross wool 4.1 Wworsted 14R 8 19,908 50.5 68.1 
wool 3.0 F worsted 16R 12 30,979 41.0 36.5 
• These abbreviations have been used In describing yarns : b, binding; f, figuring; F, filling: g, ground; 
L, left twist; o, obverse; p , pile; pl. plating; r, reverse; R, rig;ht twist; t. tuck; w, wadding; W, warp: wh, whip. 
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TABLE 1. (Continued) Analysis of textiles 
Fabric 
Weight Thick- Width Finish Water Ash Shrink- Breaking Elongation 
ness extract age strength at breaking 
load 
Tur I wa I 
--- ------
---
Res. ,~ Res. Dry Wet 
oz. per pctg. pctg. 
No. sg. zd. in. in. ;ectg:. ~tg. ~tg:. lb. ~tg:. of dry ~~· of d!Z 
1 6.83 0.0291 37.5 bleached 1.6 1.0 57 4 77 .50 178 
39 8 80 
2 1.04 0.0025 0.2 dyed, sized 13.2 0.6 4 35 2 
3 6.64 0.0102 0.8 bleached 0.2 0.2 0.0 
0.0 
4 14.66 0.0501 3.3 2.3 1.1 
tubular 
5 32.92 0.1171 35.8 1.0 20 8 134 33 91 
16 8 319 30 83 
6 4.83 0.0153 35.3 0.7 0.3 3.6 
+18.0 
7 5.54 0.0179 68.0 2.3 1.0 
tubular 
8 3.67 0.0136 26.0 bleached 0.3 0.2 0.8 
tubular +15.o 
9 6.55 0.0182 40.5 dyed, suMe 1.0 0.3 11.4 
+10.2 
10 16.22 54.0 dyed, pile on 0.7 0.5 
reverse 
alternate coursea 
11 11.07 0.0415 41.0 napped 0.8 0.3 6.8 
tubular 0.0 
12 1.76 0.0131 45.0 bleached, sized 1.9 0.4 10.3 15 8 147 17 182 
3.8 14 14 107 44 65 
13 0.17 0.0031 27.0 sized 64.7 0.5 <1 
<l 
14 0.29 0.0036 56.0 bleached 12.8 1.1 <1 
<1 
15 1.67 0.0125 43.0 bleached 0.2 0.3 5.1 12 9 117 22 173 
0.0 9 13 144 60 156 
16 4.39 0.0095 36.5 mercerized 1.6 0.2 7.6 88 5 125 17 194 
2.9 100 4 109 5 220 
17 2.38 0.0086 35.0 bleached 2.8 0.6 23 3 83 33 182 
9 4 88 17 329 
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TABLE 1. Analysis of textiles 
Name of fabric Fiber Yarn 
Classiftca· Length Construe· Twist Count No. Pctg. 
ti on ti on per of 
in. of fabric 
fabric 
I 
Devi&· 
ti on 
no. per in., yds. 
No. inch direction t>Cti:. per lb. 
18 Alpaca, Mohair, cotton 1.0 Waingle 25R 8 38,522 66.5 80.6 
or Sicilian wool 3.9 F worsted lOR 18 16,044 58.0 68.0 
19 Argentine or cotton Walngle 28.5 
Near glass cotton F single 28.0 
20 Asbestos cloth aabestoe, W2·plycom· olL,lR 35,50 ol90 19.0 68.8 
cotton 1.3 bi nation 
asbeatos, F 2-plycom· 6L,2R 6,30 500 9.6 31.7 
cotton 1.3 binatlon 
21 Bagging cotton 0.9 W6-ply 5L,9R 6, 12 1,059 10.0 51.3 
cotton 1.0 F 6·ply 4L,9R 7, 8 1,028 9.0 48.7 
22 Balloon ennlope cotton l.ol Wsingle UR 10 118,692 134.0 
cotton 1.3 F single UL 10 89,628 122.0 
23 Batiste, cotton cotton 1.6 W single 35R 9 78,750 115.0 57.7 
cotton 1.5 F single 36R 5 108,990 107.0 41.9 
24 Batiste, wool, or wool 3.0 \Vworsted 16R 8 24,452 63.7 54.3 
Nun's veiling wool 2.2 F worsted 17R 6 29,400 61.6 44.11 
25 Bengaline, moire silk continuous Wslngle 0 154,140 194.0 20.3 
wool 1.9 F 3-ply 22L, 6R 8, 5 7,989 39.5 78.5 
worsted 
26 Blanket, cotton cotton 1.0 Wslngle 13R 15 6,800 44.8 27.6 
cotton 1.0 F aingle 6R 15 4,452 80.6 72.1 
27 Brattlce cloth jute 4.2 Wsingle 4R 10 1,056 12.5 41.8 
jute 5.5 F single 2R 5 858 18.5 57.6 
28 Broadcloth, silk spun silk W2·ply 12L, 12R 24,12 48,560 108.0 611.8 
spun silk F single 20L 9 66,654 80.0 33.2 
29 Broadcloth shirt· cotton 1.1 W2·ply 19L, lOR 13,10 80,677 134.0 75.3 
ing or Poplin cotton 1.1 F single 25R 3 46,864 62.0 28.11 
so Bunting wool 5.1 W2·ply UL, 6R 13, 12 8,761 33.0 54.9 
worsted 
wool 6.9 F worsted UR 12 10,240 31.5 44.8 
31 Burlap, Gunny, jute 5.2 Wsingle 4R 10 1,797 18.1 47.7 
Hessian, jute 7.0 F single 3R 3 1,651 13.0 51.5 
Hopcloth, Pn.ck 
cloth, or Sack 
cloth 
82 Calico cotton 1.0 W single 22R 15 26,830 69.0 57.6 
cotton 0.7 F single 24R 5 SS,146 58.0 41.5 
83 Cambric cotton 1.0 W single 32R 6 36,775 87.0 48.4 
cotton 1.1 F single 26R 6 37,716 81.5 51.6 
84 Canvas or cotton 0.9 W3-ply 9L, SR 7, 16 2,494 43.0 49.7 
Sn.ii cloth cotton 0.9 F 3-ply BL, 5R 9, 12 2,638 29.3 50.3 
35 Canvas, cross· cot.ton 0.7 W single 24R 3 19,480 26.0 86.0 
stitch, or cotton 0.9 F single lBR 11 10,895 28.0 62.8 
Penelope canvas 
86 Canvas, Dundee jute 5.5 W single 4R 15 1,697 17.0 48.7 
jute 7.1 F single 4R 7 1,016 18.0 50.5 
37 Canvas, needle· cotton 0.6 W5-ply 9L, 16R 7, 10 3,917 24.0 56.8 
point, or Berlin cotton 0.6 F 4-ply UL, 12R 6, 11 4,728 25.0 48.8 
canvas 
88 Cartridge cloth spun silk W single llL 8 6,518 29.0 47.1 
spun silk F single UL 7 6,096 30.0 52.8 
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TABLE 1. (Continued) .Analysis of textiles 
Fabric 
Weight Thick· Width Finish Water Ash Shrink· Breaking 
ness extract age strength 
Res. Dev. -a;s:-
---
---------
oz. per 
No. s~:r~!n. In. ~•... net.,, net.,, 
Dry I Wet 
-:-1-::-0~~ 
18 3.37 
19 0.84 
20 36.12 
21 10.93 
22 10.75 
23 1.49 
24 2.74 
25 3.59 
26 5.67 
27 17.35 
28 2.26 
29 3.34 
30 4.30 
31 9.06 
32 2.67 
33 2.79 
3' 17.67 
35 2.45 
36 11.16 
37 6.95 
38 5.52 
0.0101 32.0 dyed 1.4 
0.0069 51.5 dyed, coated with 89.0 
regenerated 
0.0511 36.0 
0.0409 50.0 
tubular 
celluloee 
0.0160 45.0 mercerized, coated 
0.0039 38.3 bleached 
0.0085 35.5 
0.0072 39.5 
0.0183 73.0 
0.0394 36.4 
0.0060 32.0 
0.0056 85.0 
0.0131 19.3 
0.0253 35.8 
0.0086 25.0 
0.0057 36.5 
0.0260 32.7 
0.0125 27.!J 
0.0215 37.3 
0.0281 26.5 
0.0187 49.0 
bleached 
dyed, moir6 
napped 
ftame-reslstant 
bleached 
bleached, dyed 
bleached, 
mercerized 
bleached 
dyed 
bleached 
bleached, 
dyed, sized 
dyed, sized 
dyed 
4.3 
2.3 
0.6 
1.4 
2.1 
3.5 
26.2 
6.2 
1.0 
1.8 
2.3 
0.5 
0.6 
1.9 
30.2 
2.5 
13.4 
2.2 
0.2 
1.0 
67.6 
0.8 
12.9 
0.5 
0.2 
0.2 
5.1 
3.8 
0.7 
2.6 
1.0 9.4 
o.o 
13.0 0.8 
+s.9 
0.6 
0.3 3.6 
+3.4 
0.1 
0.9 +6.0 
+u 
21 
27 
12 
6 
128 
51 
109 
109 
138 
115 
23 
16 
21 
14 
36 
81 
85 
17 
69 
111 
61 
SS 
88 
18 
47 
38 
80 
109 
0.1 1.9 28 
+i.o 21 
0.2 2.0 37 
0.6 28 
0.7 5.4 297 
1.3 219 
0.4 2.3 17 
1.1 33 
1.0 2.6 121 
1.9 134 
0.2 1.7 86 
3.6 
0.1 
79 
57 
68 
' 6 
8 
19 
9 
9 
7 
6 
5 
6 
7 
' 2
8 
5 
110 
85 
100 
100 
13' 
187 
48 
94 
187 
138 
105 
100 
89 
5 74 
118 
13 226 
7 103 
9 99 
10 67 
6 73 
6 122 
2 156 
8 81 
8 
5 
11 
87 
93 
87 
10 157 
10 119 
14 119 
12 114 
1 
5 124 
5 58 
10 73 
8 118 
6 117 
3 99 
4 
3 
9 
91 
61 
60 
27 
Elongation 
at breaking 
load 
~1~ 
petg. 
......... of d,.... 
0 
17 
0 
0 
22 
8 
22 
22 
0 
22 
0 
6 
17 
27 
15 
294 
169 
213 
206 
191 
11' 
440 
324 
278 
298 
17 394 
8 155 
17 100 
0 
5 200 
17 200 
17 200 
5 340 
11 200 
33 200 
" 0 
0 
176 
11 100 
33 100 
6 220 
11 227 
33 
11 73 
5 160 
5 320 
7 143 
7 143 
22 160 
5 1340 
50 
50 
32 
50 
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TABLJ,'.: 1. .Analysis of textiles 
Name of fabric Fiber Yarn 
Classiflca· Length Construe· Twist Count No. Pctg. 
ti on ti on per of 
in. of fabric 
fabric 
I 
Devi a-
ti on 
No. 
no. per in., yds. 
inch direction nr.tO'. ner lb. 
39 Challis wool 2.5 Wworsted 14R it 28,182 62.0 60.2 
wool 3.0 F worsted 15R 'I 32,886 58.0 89.4 
40 Cheesecloth, cotton 1.0 Wsingle SOR 6 26,292 81.4 57.5 
Surgical gauze, cotton 1.0 F single 88R 7 83,004 2'1.'I 41.0 
or Tobacco cloth 
41 Chiffon silk continuous Wsinele 33, alter- 4 181,944 106.0 47.8 
natelyL, R 
silk continuous F single 34, alter· 6 166,908 102.0 50.8 
natelyL, R 
42 China grass ramie 4.4 W sliver 0 28,804 65.0 60.6 
cloth ramie 2.1 F sliver 0 54,382 71.0 87.5 
43 China silk silk continuous Wsingle 0 252,000 148.0 51.2 
silk continuous F single 0 260,400 112.0 49.6 
44 Chintz cotton 0.5 Wsingle 21R 17.640 66.6 49.8 
cotton 0.5 F !ingle 20R 19,320 64.0 50.1 
45 Chintz, glazed cotton 0.9 W single 21R 13 18,564 75.0 50.2 
cotton 1.0 F single 19R 10 19,572 63.0 49.9 
46 Chintz, water· cotton 0.9 Wsingle 16R 4 18,858 67.0 
resistant cotton 1.0 F single 21R 15 12,172 61.0 
47 CGteline wool 2.2, 1.3 W4·ply 15R, 9R, 15L, 13, 14, 10, 3,847 12.0 28.4 
ratine 5R,7R 24,19 
wool 1.4 Wwoolen llL 5 3,049 12.0 81.9 
wool 2.3, 1.8 F 4-ply 15R, SR, lSL, 11, 28, 6, 3,864 10.0 20.6 
ratinol 8R,7R 11,19 
wool 1.3 F woolen lOL 13 3,150 10.0 13.8 
48 Cr~pe. Canton silk continuous W single 0 88,941 200.0 55.8 
silk silk continuous F single 86, alter- 14 52,439 96.5 45.7 
49 Crepe, Canton wool 3.3 Wworsted 
nately 2L, 2R 
llL 18 18,346 72.0 61.2 
wool wool 1.4 F worsted 28, alter- 13 18,362 46.0 88.2 
50 Crepe, cellulose cellulose continuous Wmulti· 
nately 2L, 2R 
0 45,646 183.8 77.4 
acetate rayon acetate filament 
and silk rayon 
silk continuous F single 45L 10 189,264 89.0 22.6 
51 Crepe de Chine silk continuous Walngle 0 75,180 116.9 44.1 
silk continuous F single 85, alter· 2 64,512 92.6 56.7 
nately 2L, 2R 
52 Crepe, fiat silk continuous Wsingle 0 78,431 216.0 62.6 
silk continuous F single 58, alter· 9 51,904 86.0 37.1 
nately 2L, 2R 
53 Crepe Georgette or silk continuous Wsinele 46, alter· 3 150,024 106.0 53.1 
Cripe Elizabeth nately 2L, 2R 
silk continuous F sin&"le 47, alter· 5 137,256 93.0 48.5 
nately 2L, 2R 
54 Crepe, Japanese cotton 0.8 Wsingle 17R 15 28,711 64.0 43.4 
cotton 0.7 F singlo 23, alter· 10 15,414 41.0 58.8 
nately 2L, 2R 
55 Crepe pliBBe cotton 1.2 Wsingle 20R 9 45,721 99.0 64.8 
cotton 1.2 F single 22R 11 74,290 87.0 37.2 
56 Cr@pe, regenerated regenerated continuous Wmulti- BL 23 42,958 120.0 60.8 
cellulose rayon cellulose filament 
regenerated continuous F multi- 14, alter- 9 36,834 74.0 38.5 
cellulose filament nately 2L, 2R 
COMPARATIVE ANALYSIS OF FABRICS 29 
TABLE 1. (Continued) Analysis of textiles 
Fabric 
Weight Thlck· Width Finish Water Ash Shrink· Breaking Elongation 
ness extract age strength at breaking 
load 
Dry I Wet 
------
---------
~1~Res. ~1~ 
oz. per petg. petg. 
No. sg. :!'d. in. in. 11ctg. 11ctg. ~tg. lb. ~tg. of dry ~tg. of d!I 
39 2.67 0.0083 27.0 printed 0.6 0.5 24 5 92 22 256 
14 8 114 27 207 
40 1.14 0.0077 36.0 bleached 0.4 0.1 1.6 14 7 114 0 
2.2 6 22 180 8 137 
41 0.66 0.0033 39.0 printed 2.2 0.2 15 13 113 16 147 
16 7 106 12 250 
42 2.50 0.0050 33.3 bleached 0.6 1.3 0.0 40 18 118 0 
o.o 39 29 90 0 
43 0.46 0.0018 36.5 dyed 6.1 0.4 7 14 143 2 650 
6 7 83 2 450 
44 4.20 0.0067 34.9 printed 4.1 0.1 2.1 43 109 
7.5 40 113 
45 4.55 0.0062 35.7 printed, calendered 5.1 0.2 3.1 43 5 107 6 133 
0.0 39 5 121 33 48 
46 5.77 0.0097 35.6 printed, coated 4.5 0.3 57 2 116 11 82 
54 6 107 15 80 
47 7.44 0.0297 56.0 dyed 3.4 0.4 24 3 83 33 170 
16 4 100 83 170 
48 1.86 0.0055 70.0 dyed 1.0 0.1 57 7 82 83 162 
46 4 74 83 171 
49 3.88 0.0128 39.0 bleached 1.6 0.1 44 2 68 88 227 
28 
' 
74 60 196 
50 2.21 0.0068 38.0 bleached 0.7 0.3 23 10 70 40 126 
25 6 76 
" 
91 
51 2.12 0.0058 33.7 0.4 54 7 74 22 109 
43 6 67 81 100 
52 2.90 0.0061 39.0 bleached, weighted u 36.0 61 4 90 17 266 
41 6 88 27 186 
53 0.73 0.0047 40.5 bleached, aized 11.8 0.7 16 6 88 17 294 
15 3 87 25 200 
54 3.40 0.0141 29.0 dyed 1.8 0.1 0.5 26 11 150 17 147 
o.o 28 
' 
114 26 176 
55 2.09 0.0070 34.5 bleached, creped 0.8 0.3 0.0 17 4 153 22 100 
+o.3 16 6 119 36 126 
56 3.11 0.0080 37.0 bleached 1.4 0.7 7.5 43 3 33 33 183 
2.4 27 3 80 50 .. 
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TABLE 1. Analysis of textiles 
Name of fabric Fiber Yarn 
ClassifLca· Length Construe· Twist Coun t No. Pctg. 
ti on ti on per of 
in. of fabric 
fabric 
I 
Devi a· 
ti on 
no. per in., yds. 
No. inch direction nctor. ner lb. 
57 Cr@pe Roshanara silk continuous Wsingle 0 145,040 236.0 24.9 
wool 1 .7 F 2·ply 29, alter· 6 6,350 30.0 75.0 
worsted nately 4L, 4R 
58 Crepe serpentine cotton 1.1 Wsingle 18R 15 31,248 73.0 41.5 
cotton 0.8 F single 37R 9 18,396 41.0 58.0 
59 Cretonne cotton 0.9 W2·ply 21L, 14R 13, 6 14,305 62.0 50.8 
cotton 0.9 F single llL 6 10,492 47.0 411.1 
60 Crinolineo cotton 0.9 W single 24R 4 19,060 45.3 58.9 
cotton 1.0 F single 18R 5 19,698 88.2 45.5 
61 Crinoline cotton 1.0 W2·ply 18L, 17R 6,2 11,054 56.0 1111.9 
hair cloth horse hair continu ous F fiber 0 11,668 29.0 33.8 
62 Dress linen linen 2 .1 W single lOR 8 14,028 48.7 56.7 
linen 1.6 F single 16R 18 15,624 48.2 43.2 
63 Duck, tent cotton 1 .0 W2·ply 12L, lOR 9,14 7,216 511.0 57.5 
cotton 0.9 F 2·ply lOL, 14R 17, 8 9,761 54.0 42.5 
64 $:pingle wool 2.8 Wworsted 16L 6 17,816 68.0 52.8 
wool 2.4 F worsted 6R 10 10,878 38.5 46.8 
65 Eponge wool 1 .9 W4·ply 7R, 16R, 18L, 10, 29, 9, 2,227 14.0 48.9 
gimp 4R, 12L, 2R 8,16,20 
wool 2.9 F 4·ply SR, 15R, 23L, 9, 12, 10, 2,174 13.0 50.6 
gimp 16R, SL, 2R 23,23, 15 
66 :t::tamine wool 8.6 Wtwist 19L, llL 7, 12 7,678 32.0 52.5 
on twist 
wool 8.0 F twist 17L, lOL 12,11 7,501 28.0 47.S 
on twist 
67 Fabrikoid cotton 0 .9 W single 19R 4 19,896 66.0 26.0 
cotton 1.0 F single 16R 5 27,191 52.0 19.7 
68 Facing cloth wool 1.S Wwoolen 14L 7 5,305 64.0 59.1 
wool 1.6 F woolen 13R 2 6,980 52.0 89.1 
69 Felt, punched jute 2 .5 Wsingle 5R 16 1,758 9.0 12.2 
jute 2.4 F single SR 17 2,907 9.0 10.0 
70 Flannel, baby wool 2.0 Wwoolen 16L 7 11,651 35.5 51.9 
~If.;/<! wool 2.9 F woolen 9L 12 9,752 36.0 47.0 
71 F laxon, India cotton 1.0 Wsingle 35R 1 72,836 114.0 56.5 
linon, of P ersian cotton 0.9 F single 16R 
' 
93,156 107.0 42.8 
lawn 
72 Flexible net cotton 0.9 W2·ply 14L, 19R 10,7 5,142 24.0 49.9 
cotton 1.0 F 2·ply 16L, 21R 10, 7 4,831 22.0 50.1 
73 Gingham, cotton 0.7 Wsingle 19R 11 14,028 69.0 70.4 
chambray cotton 0.9 F single 25& 10 25,843 54.0 29.8 
74 Green cloth cotton 1.1 W single 22R 2 11,970 72.0 44.6 
cotton 1.0 F single 81R 4 28,940 68.0 86.8 
75 Gros grain silk continuous W single lOL 9 97,104 216.0 88.7 
silk continuous F single 0 52,710 52.0 60.6 
76 Habutae s ilk continuous W single 0 154,812 124.0 40.0 
s ilk continuous F single 0 88,788 108.4 60.0 
77 Handkerchief linen 1.8 Wsingle 19R 5 61,942 100.0 54.5 
linen or linen 1.8 F single 25R 1 61,849 83.0 48.9 
Linen sheer 
78 H olland, window, cotton W single 54.0 
or Shade cloth cotton F single 50.0 
79 Homespun wool 4.3 Wwoolen 17R 11 S,351 22.3 52.7 
wool 4 .7 F woolen 19R 12 2,976 18.4 47.5 
80 H ose jacket cotton 1 .0 w 12·ply lL, lOR 0,12 510 29.0 60.4 
cotton 0 .9 F 45·ply 3L,7R 0, 17 142 7.0 39.7 
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TABLE 1. (Oontinued) .Analysis of textiles 
Weight Thick· Width Finish 
ness 
----------
Fabric 
Water Ash Shrink-
extract age 
Breaking 
strength 
Elongation 
at breaking 
load 
------ ___ R es.Drly uev.1· ~::t ~1 Wet 
oz. per __ pctg. pctg. 
No~q,_y_d_. __ in,_. -'--~in"'''---'--------'--"pc"'t,.g.,_. --'--pc=t,,g,_ . ..:_-"pc"'t,.,g,_,_. -'--"lb"'.-'-"p"'ct,.,g"-. -=o.o.f .=dc=.ry'-'--'pc=t.,_g.'--.:o::.f.:d::.ry,_ 
57 4.59 
68 3.42 
59 6.61 
60 2.55 
61 4.68 
62 4.87 
63 8.91 
4.31 
65 8.02 
66 4.80 
67 7.68 
68 10.49 
69 31.69 
70 3.96 
71 1.64 
72 5.24 
73 4.08 
74 5.19 
75 3.61 
76 1.14 
77 1.61 
78 6.15 
79 7.58 
80 7.00 
0.0166 39.0 
0.0109 so.o 
0.0135 29.8 
0.0120 26.5 
0.0183 22.3 
0.0085 78.6 
0.0180 33.8 
0.0101 36.0 
0.0310 55.0 
0.0174 56.0 
0.0107 40.3 
0.0264 56.0 
0.1382 31.3 
0.0133 27.0 
0.0046 39.5 
0.0183 21.1 
0.0097 28.8 
0.0104 38.5 
0.0078 34.0 
0.0029 36.5 
0.0045 36.0 
0.0084 46.5 
0.0249 28.7 
0.1169 8.5 
tubular 
dyed 
printed, creped 
printed 
dyed 
sized 
bleached 
dyed 
dyed 
dyed 
dyed 
coated, dyed, 
embossed 
dyed, napped 
84 percent 
hair filling 
napped 
bleached, sized 
bleached, sized 
dyed 
bleached 
dyed, coated 
weighted, dyed 
bleached 
bleached 
filled 
1.5 
1.2 
0.9 
30.0 
3.3 
4.3 
1.3 
0.8 
1.8 
0.9 
2.2 
0.5 
1.3 
43.9 
5.0 
44.6 
5.5 
1.0 
0.8 
5.8 
1.9 
2.2 
0.1 49 
40 
0.4 0.8 30 
+7.3 22 
0.7 3.4 64 
+o.6 63 
0.1 2.2 38 
0.2 23 
1.5 75 
53 
1.5 5.4 74 
7.1 60 
0.5 2.1 149 
0.1 
0.1 
0.1 
18.2 
0.1 
3.8 
0.1 
0.1 
0.2 
0.6 
3.9 
15.9 
0.6 
0.1 
52.7 
0.5 
0.5 
1.2 101 
0.8 
2.8 
6.1 
5.4 
3.7 
1.9 
46 
22 
21 
19 
39 
31 
61 
53 
52 
38 
31 
31 
13 
11 
25 
19 
59 
46 
45 
25 
56 
44 
46 
62 
33 
49 
28 
21 
68 
60 
65 
49 
>300 
>300 
9 
4 
112 
50 
9 140 
7 114 
4 117 
9 154 
9 74 
8 87 
4 115 
3 91 
6 258 
10 280 
3 107 
9 138 
3 
10 
5 
4 
5 
6 
s 
3 
4 
14 
21 
7 
2 
12 
6 
4 
2 
3 
10 
9 
5 
4 
2 
6 
20 
13 
8 
5 
2 
4 
5 
72 
106 
86 
84 
69 
65 
102 
113 
77 
71 
68 
62 
108 
118 
156 
121 
70 
80 
129 
148 
70 
55 
83 
84 
94 
71 
178 
167 
63 
48 
95 
104 
17 
67 
294 
175 
11 155 
80 125 
5 440 
17 100 
320 
17 100 
17 147 
33 152 
17 
22 195 
17 100 
25 
17 
30 
33 
44 
0 
50 
22 
50 
0 
0 
22 
22 
5 
5 
33 
33 
12 
12 
11 
11 
17 
17 
22 
17 
5 
5 
5 
33 
30 
220 
394 
223 
177 
203 
152 
70 
150 
100 
300 
300 
220 
340 
33 
48 
188 
183 
100 
200 
259 
177 
150 
171 
160 
157 
203 
250 
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TABLE 1. Analysis of textiles 
Name of fabric Fiber Yarn 
Classiftca· Length Construe· Twist Count No. Pctg. 
ti on ti on per of 
in. of fabric 
fabric 
I 
Devia· 
ti on 
inch 
no. perin.1 yds. 
No. direction netl!". nerlb. 
81 Indianhead, cotton 0.9 Wsingle 15R 9 11,592 52.0 51.7 
Beachcloth, cotton 0.9 F single 12R lS 11,088 44.0 49.0 
Butcher's linen, 
or Crash 
82 Jual silk continuous 
in the gum 
Wsingle 0 210,000 88.0 60.3 
silk continuous F single 0 128,648 84.0 S9.8 
in the gum 
83 Lino lean linen Wsingle 11,844 S2.0 46.4 linen F single 11,424 29.0 54.0 
84 Metal cloth &ilk continuous Wsingle 0 162,918 57.0 5.6 
copper, continuous, F lam6 72R, 12L, 7R 5, 15, 80 15,792 99.0 94.6 
cotton 1.2 
( 30.6 o/o) 
85 Metalline silk continuous Wsingle 0 213,860 81.0 20.5 in the gum 
regenerated continuous F multi· 0 28,980 42.0 79.8 
cellulose filament 
86 Moire cellulose continuous 
acetate 
Wmulti· 0 62,496 154.0 40.9 
rayon filament 
cellulose continuous F multi- 25L 2 13,003 53.0 59.2 
acetate filament 
r&yon 
87 :Mull cotton 1.0 Wsingle 18R 8 42,286 99.5 84.0 
a ilk continuous F single 0 273,268 98.0 15.2 
88 :Muslin, embossed cotton 0.9 Wsingle 21R 2 18,127 44.0 44.8 
cotton 0.9 F single 19R 4 16,733 41.0 48.0 
89 Nr.insook or cotton 1.1 Wsingle 19R 5 45,746 88.0 64.5 
:Masalia cloth cotton 1.1 F single 18R 4 81,178 78.0 85.8 
90 Nankin cotton 0.9 Wsingle 21R 4 17,959 82.0 61.8 
cotton 1.0 F single 20R 6 26,216 75.0 88.2 
91 Ninon cellulose continuous Wmulti· 27L 16 82,130 105.0 50.2 
acetate filament 
rayon 
cellulose continuous F multi- 29L 8 78,079 96.0 49.2 
acetate ftlament 
rayon 
~5R 92 Nurses' cloth cotton 1.0 Wsingle 4 23,713 91.3 56.8 
cotton 1.0 F single 29R 5 30,542 89.4 44.5 
93 Oil cloth cotton 0.9 Wsingle 22R 
' 
15,581 44.0 
cotton 0.9 F single 19R 5 20,110 89.0 
94 Organdie cotton W single -R 61,471 85.0 60.1 
cotton F single -R 75,222 68.0 39.8 
95 Osnaburg cotton 0.9 W single 16R 18 6,668 39.0 47.9 
cotton 1.0 F single 14R 7 4,003 31.0 50.2 
96 Ottoman silk continuous W single 0 64,957 140.0 22.7 
silk continuous F single 18L 6 80,346 20.0 2.5 
wool 0.8 F 3-ply UR, 27R 5,3 3,112 20.0 74.9 
worsted 
97 Percaline cotton 1.0 W single 34R 2 49,308 106.0 59.1 
cotton 1.0 F single SOR 3 72,912 96.0 41.4 
98 Pongee wild silk continuous Wsingle 6L 0 56,700 75.0 
wild silk continuous F sini:le 0 55,463 75.0 
Weight Thick· 
ness 
Width 
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'fABLE 1. (Continued) .Analysis of textiles 
Fabric 
Finish Water Ash Shrink· Breaking Elongation 
extract age strength at breaking 
load 
--- - --1----·1 ------- Res~ryl D~.1 ~ _E!!_1~ 
No. 
oz. per 
sq. yd. in. 
81 6.26 0.0108 
82 0.62 0.0038 
83 3.24 0.0106 
84 S.66 0.0054 
86 1.07 0.0050 
86 4.01 0.0083 
87 1.56 0.0042 
88 3.18 0.0057 
89 1.67 0.0042 
90 4.62 0.0079 
91 1.49 0.0061 
92 4.04 0.0096 
93 10.46 0.0142 
94 1.34 0.0047 
95 8.32 0.0247 
96 6.56 0.0179 
97 2.08 0.0038 
98 1.76 0.0050 
in. 
36.0 bleached, 
17.0 
36.6 
19.9 
36.0 
39.8 
34.8 
26.5 
34.0 
36.3 
37.6 
permanent--ftnlahed 
dyed 
dyed, sized 
dyed 
bleached 
dyed, moir6 
bleached 
bleached, loaded, 
embosaed 
bleached 
bleached 
dyed 
dyed 
35.6 bleached 
48.0 coated 
46.5 bleached, 
permanent--tinished 
30.3 
39.0 dyed 
37.6 dyed, calendered 
33.0 sized 
pctg. pctg. 
pctg. petg. petg. lb. petg. of dry pctg. of dry 
o.o o.o 
18.0 1.3 
10.2 0.2 
2.8 88.4 
2.6 0.1 
0.6 0.1 
1.% 0.1 
7.7 19.3 
0.4 0.2 
7.2 0.9 
0.6 0.2 
1.9 0.1 
2.2 43.4 
o.o 0.1 
6.9 1.3 
2.7 0.5 
4.6 0.1 
8.7 1.7 
8.0 
2.8 
0.3 
1.0 
8.8 
0.4 
1.1 
7.8 
o.o 
0.0 
0.9 
3.9 
3.6 
0.8 
1.0 
0.0 
1.4 
0.5 
0.3 
1.3 
7.5 
0.5 
0.7 
4.6 
S1 
56 
13 
13 
49 
31 
7 
46 
12 
22 
27 
59 
21 
13 
23 
22 
20 
10 
71 
48 
15 
18 
50 
49 
48 
37 
23 
16 
67 
73 
71 
56 
24 
16 
47 
46 
9 
6 
5 
16 
s 
11 
5 
3 
5 
4 
5 
12 
9 
6 
' 10 
7 
4 
5 
6 
6 
6 
3 
0 
8 
5 
6 
5 
2 
4 
8 
6 
3 
6 
94 
100 
85 
100 
'5 
68 
100 
117 
58 
82 
81 
54 
205 
77 
10• 
100 
140 
130 
12' 
123 
80 
56 
128 
112 
77 
92 
161 
106 
121 
129 
76 
66 
150 
100 
72 
76 
12 
11 
11 
11 
11 
11 
5 
16 
33 
16 
50 
0 
16 
11 
17 
0 
17 
17 
7 
22 
6 
12 
0 
22 
17 
22 
66 
0 
16 
31 
32 
209 
200 
300 
206 
100 
206 
88 
220 
100 
129 
340 
177 
100 
157 
275 
220 
191 
140 
92 
220 
182 
177 
227 
136 
312 
119 
116 
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TABLE 1. Analysis of te:i;tiles 
Name of fabric Fiber Yarn 
Classifiea· Length Construe· Twist Count No. Pctg. 
ti on ti on per of 
in. of fabric 
fabric 
I 
Devi a· 
ti on 
No. inch 
no. per in .. yds. 
direction net~. ner lb. 
99 Poplin silk continuous W single 0 128,688 228.0 19.3 
wool 1.2 F 3-ply 83L, 13L 5, 8 7,316 43.5 80.9 
100 Radium, cellulose continuous Wmulti· 0 47,259 189.0 72.4 
cellulose acetate acetate filament 
rayon rayon 
cellulose continuous F multi· 0 49,383 71.6 28.2 
acetate filament 
rayon 
101 Radium, silk silk continuous Wsingle 0 90,719 164.3 69.8 
silk continuous F single 26L 5 130,344 99.8 31.3 
102 Radium, silk silk continuous Wsingle 0 68,729 164.0 69.6 
in the gum in the gum 
silk continuous F single 27L 8 108,093 97.0 30.1 
in the gum 
103 Radium, weighted silk continuous Wsingle 0 58,480 165.0 69.7 
silk, or Pussy silk continuous F single 27L 5 76,931 95.0 30.3 
willow taffeta 
104 Rajah spun silk W2·ply 18L, 16R 7.5 48,972 136.0 54.3 
silk continuous F single 0 38,724 63.0 45.7 
105 Ratine or cotton 1.2 W5·ply 14L, 17R, 16R, 9, 12, 16, 5,178 25.0 51.7 
Sponge cloth gimp 16R, BR 12,10 
cotton 1.2 F 5-ply 14L, 19R, 20R, 4, 12, 8, 4,136 20.5 48.5 
gimp 16R, SR 14,10 
106 Rep cotton 0.9 W2-ply llL, 12R 5,10 5,588 72.0 85.4 
cotton 0.9 F 2-ply lOL, llR 7, 7 6,878 16.0 14.9 
107 Rhea cloth ramie 3.7 Wsingle llR 14 2,700 46.0 55.6 
ramie 3.8 F single 12R 14 3,030 36.0 43.0 
108 Shantung wild silk continuous Wsingle 0 27,997 75.8 31.2 
wild silk continuous F single 0 5,663 42.9 67.0 
109 Sheeting, bleached cotton 0.9 Wsingle 2SR 10 23,856 91.8 58.1 
light-weight, or cotton 0.9 F single 16R 13 36,288 84.0 41.0 
Muslin 
110 Sheeting, bleached cotton 0.8 Wsingle 20R 3 17,892 73.0 56.4 
medium-weight, or cotton 0.6 F single 15R 7 21,420 66.0 42.5 
Muslin 
111 Sheeting, bleached cotton 0.9 Wsingle 18R 12 16,632 78.3 50.6 
heavy-weight, or cotton 0.9 F single 14R 12 18,228 74.0 49.2 
Muslin 
112 Sheeting, linen linen 1.4 Wsingle 9R 20 14,580 64.4 52.3 
linen 1.8 F single 6R 16 15,030 60.0 47.6 
113 Sheeting, percale cotton 0.9 Wsingle 24R 9 32,088 109.0 53.4 
cotton o·.9 F single 21R 9 35,616 98.0 46.5 
114 Sheeting, un· cotton 0 .9 W single 17R 12 14,784 59.0 60.5 
bleached light· cotton 1.0 F single 13R 10 19,824 51.0 39.1 
w eight, or Muslin 
115 Sheeting, un· cotton 0.9 W single 19R 6 15,036 67.0 58.2 
bleached medium· cotton 0.9 F single 13R 11 21,336 60.0 41.0 
weight, or Muslin 
116 Sheeting, un· cotton 0 .9 W single 18R 5 15,876 71.0 53.5 
bleached, heavy· cotton 0.8 F single 12R 7 18, 732 71.0 46.7 
weight, or Muslin 
117 Sheeting, rubber cotton Wsingle 60.5 
cotton F single 59.0 
118 Sheeting, stork cotton Wsingle 99.0 
cotton F single 78.0 
Weight I Thick· 
ness 
Width 
COMPARATIVE ANALYSIS OF FABRICS 
TABLE 1. (Qmtinued) .Analysis of textiles 
Fabric 
Finish Water Ash Shrink· 
extract age 
Breaking 
strength 
35 
Elongation 
at breaking 
load 
___ ___ ___ Res~rly Dev. I_:.:~ Dry 1~ 
oz. per pctg. pctg. 
_N_o_ • .:_c.s.:.q-'. y,_d::c·_~in:..:'--''--'i~n.:... _ _;_ ______ .....;...-.kp,,,c,,tg.,_._._.,p,,,ct_g. pctg. lb. ££lg, of dry pctg. of dry 
99 4.58 0.0121 40.0 bleached 
100 2.61 0.0064 41.0 blelUlhed 
101 1.61 0.0051 38.8 
102 1.99 0.0055 39.0 
103 2.41 0.0046 39.0 weighted, ble1U1hed 
104 2.94 0.0097 31.3 dyed 
105 6.71 0.0223 36.3 bleached 
106 9.22 0.0240 49.2 dyed 
107 6.66 0.0122 44.5 
108 6.79 0.0135 27 .4 weighted 
109 3.66 0.0081 90.0 bleached 
110 3.98 0.0092 65.0 bleached 
111 4.96 0.009~ 72.0 bleached 
112 4.93 0.0073 70.5 ble1U1hed 
113 3.68 0.0061 81.5 bleached, mercerized 
114 3.62 0.0114 75.5 
115 4.44 0.0112 82.0 
116 4.96 0.0116 81.6 
117 15.22 0.0127 36.7 coated 
118 3.68 0.0062 36.3 coated 
2.7 0.1 
0.9 0.2 0.9 
0.8 
1.8 2.2 
1.2 
11.2 86.8 
1.6 0.2 
6.8 1.0 2.0 
o.o 
0.6 0.2 0.6 
0.3 
0.5 0.2 3.1 
0.0 
3.1 32.6 
0.4 0.1 3.1 
2.1 
1.1 0.1 6.5 
+2.1 
1.8 0.8 4.7 
2.1 
0.9 0.2 3.1 
2.1 
0.5 0.2 5.5 
3.1 
7.8 1.0 9.4 
6.8 1.0 
4.0 1.2 
58.6 
5.4 3.6 
10.4 
8.6 
6.3 
6.3 
7.3 
51 
54 
50 
19 
63 
38 
87 
44 
64 
38 
69 
54 
26 
27 
212 
41 
106 
91 
103 
172 
63 
39 
57 
40 
67 
69 
91 
86 
60 
55 
46 
36 
55 
46 
61 
69 
54 
52 
31 
15 
2 
2 
4 
14 
2 
5 
5 
2 
4 
8 
16 
4 
14 
11 
6 
7 
9 
9 
2 
6 
4 
3 
8 
7 
4 
4 
10 
7 
7 
4 
5 
4 
8 
6 
5 
4 
5 
5 
11 
5 
98 
52 
54 
58 
92 
79 
86 
93 
80 
82 
80 
83 
108 
85 
112 
105 
126 
126 
67 
68 
106 
85 
102 
103 
104 
119 
100 
87 
92 
109 
113 
111 
118 
139 
136 
126 
67 
81 
56 
47 
17 
50 
22 
17 
25 
18 
24 
18 
15 
16 
60 
50 
17 
83 
11 
5 
8 
17 
50 
35 
8 
13 
11 
20 
11 
13 
8 
11 
25 
8 
13 
11 
17 
13 
17 
11 
0 
33 
5 
22 
358 
184 
235 
160 
148 
161 
158 
188 
187 
194 
50 
50 
100 
67 
156 
220 
38 
100 
134 
114 
163 
154 
100 
125 
118 
154 
125 
91 
108 
213 
163 
182 
153 
131 
171 
191 
61 
100 
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TABLE 1. Analysis of textiles 
Name of fabric Fiber Yu.rn 
Classifica· Length Construe· Twist Count No. P ctg. 
ti on ti on per of 
in. of fabric 
fabric 
I 
De via· 
ti on 
No. 
no. per in., yds. 
inch direction nctir. ner lb. 
119 Shirred fabric or cotton 1.1 W2·ply 25L, 13R 8,4 16,422 46.0 17.9 
Suspender webbing cotton, 1.1 W7-ply SOL, 6R, SOR, 10, 20, 5, 622 6.0 40.1 
rubber continuous cable 25L, 13R S,4 
cotton 0.9 F 2-ply SL, llR 5, 6 9,122 86.0 41.9 
120 Sign cloth cotton 0.9 Wsingle 18R 10 21,168 60.6 48.5 
cotton 0.9 F single 22R 13 26,628 53.0 39.0 
121 Silkaleen or cotton 1.1 Wsingle SOR 3 52,466 71.6 58.7 
Near silk cotton 1.1 F single SOR 1 60,413 57.8 41.7 
122 Soisette cotton 1.3 Wsingle 22R 3 66,444 75.0 27.5 
cotton 1.0 F single f.R 7 34,944 96.0 72.2 
123 Swiss, composition cotton 1.2 Wsingle 82R 3 46,754 64.0 
dot cotton 0.9 F single 28R 8 47,040 47.0 
124 Taft' eta silk continuous Wsingle 88L 5 18,050 248.3 50.0 
silk continuous F single 0 7,280 93.0 48.7 
125 Tarlatan or cotton 0.9 Walngle 20R 5 30,156 20.9 53.5 
Crown lining cotton 0.7 F single 28R 4. 85,574 18.7 46.5 
126 Theatrical gauze linen 1.8 Waingle llR 7 8,278 21.0 59.7 
linen 1.8 F single SR 18 11,231 19.9 40.3 
127 Tire builder or cotton 1.1 WB-ply 4.L, 13R 7, 7 1,720 24.0 52.3 
Chafer fabric cotton 1.1 F 8-ply 4L, UR 3, 13 1,852 23.0 47.7 
128 Tire cord cotton 1.1 w 15-ply SL, 9R, 19R 4,12,4 969 20.0 98.0 
fabric hawser 
cotton 1.1 F single 16R 11 14,994 8.5 1.11 
129 Tire ftlpper cotton 1.0 W2-ply SL, UR 18,5 5,432 88.0 49.3 
fabric cotton 0.9 F 2-ply 11L, 11R 7,5 5,818 37.0 50.8 
130 Toweling, cotton cotton 1.2 W2·ply UL, 7R 6, 18 8,870 40.0 89.l 
and linen crash linen 2.8 F single 8R 18 3,671 23.4 60.9 
131 Toweling, glass, linen 1.9 Waingle 9R 10 8,983 89.0 58.8 
Glass-check, or linen 1.8 F single 9R 11 10,592 82.0 41.4. 
Glass cloth 
132 Toweling, hemp hemp 2.8 Wsingle BR 10 9,090 89.0 52.6 
crash hemp 3.0 F single 7R 10 4,536 32.0 47.8 
133 Tracing cloth linen 1.0 Wsingle 81R 
' 
55,793 91.0 50.0 
linen 1.2 F single 20R 3 54,938 S6.0 50.0 
134 Tropical worsted wool 3.0 W2·ply 15L, 6R 6, 18 9,786 52.0 51.3 
worsted 
wool 3.1 F worsted UR 9 8,921 45.0 4.S.9 
135 Turkoman, cotton 1.1 W2·ply 18L, 13R 10,8 13,171 43.0 15.1 
Chenille cloth, or cotton 0.9 F 3-ply lSR s 94.7 15.0 84.5 
Sham plush chenille 
136 Umbrella cloth, silk continuous Wsingle 0 55,440 128.0 84.5 
cotton and silk cotton 1.3 F single 12R 8 29,333 104.0 91.4. 
137 Umbrella cloth, silk continuous Wsingle 13L 6 120,960 180.0 50.6 
silk silk continuous F single 0 87,502 112.0 49.0 
138 Vellum cotton 1.0 Wsingle 12R 5 16,380 52.0 41.4 
cotton 1.0 F single 12R 8 18,688 52.0 52.5 
139 Visca fabric regenerated continuous W4·ply 0 6,894 35.0 52.6 
cellulose 
regenerated continuous F f.·ply SR,4.L 5,25 7,861 29.0 4.7.7 
cellulose 
140 Voile cotton 1.1 Wsingle 2SR a 4.2,118 61.0 50.0 
cotton 1.0 F single 44R 18 36,847 55.7 50.0 
141 Voile, rice cotton 1.1 Wsingle 25R 83 48,932 61.0 86.6 
cotton 1.2 ftake yam 40R, 85R 17, 5 15,708 86.0 68.7 
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TABLE 1. (Continued) Analysis of textiles 
Fabric 
Weight Thick- Width Finish Water Aah Shrink- Breaking 
strength 
Elongation 
at breaking 
load 
No. 
oz.per 
sq. yd. 
119 15.70 
120 3.27 
121 1.38 
122 2.36 
123 1.91 
124 1.47 
125 0.67 
126 2.27 
127 14.80 
128 13.19 
129 7.91 
130 6.84 
131 4.12 
132 8.80 
133 3.16 
134 6.03 
135 12.20 
136 2.44 
137 1.74 
138 4.60 
139 5.61 
140 1.62 
141 2.15 
nesa extract age 
_________ ~ Dev. Res. ~ Wet Dry I Wet I 
pctg. pctg. pctg. lb. I pctg. of dry Pctg. of dry in. in. 
0.0506 1.6 bleached 
bleached 
mercerized, dyed 
4.5 0.5 
0.0068 54.0 bleached, loaded 25.8 16.1 
0.0036 35.7 bleached, calendered 0.0 0.1 
0.0066 31.5 mercerized, dyed 0.4 0.2 
0.0069 37.4 bleached, printed 1.7 9.5 
0.0045 36.2 weighted, dyed 4.1 26.2 
0.0063 59.0 sized 
0.0125 36.5 
0.0371 
0.0372 
0.0205 
22.1 
3.5 
4.2 
3.0 
3.4 
1.1 
0.7 
0.9 
0.9 
0.2 
1.0 
3.9 
7.3 
0.9 
1.3 
0.3 
3.0 
0.6 
0.9 
1.7 
0.3 
0.5 
0.6 
0.0188 19.0 bleached 0.7 0.4 3.6 
0.0066 15.8 
0.0130 18.0 
0.0031 37.5 
0.0138 59.0 
0.0389 51.9 
0.0048 21.9 
0.0037 22.0 
0.0056 40.3 
0.0202 16.8 
0.0064 38.0 
0.0105 35.0 
bleached, dyed, 
calendered 
bleached 
coated 
dyed 
dyed, water-
resistant 
dyed, water-
resistant 
dyed, coated 
dyed 
bleached 
bleached, printed 
+9.6 
1.2 0.4 0.5 
o.o 
1.8 0.5 5.4 
31.2 0.8 
0.9 1.0 
0.9 0.4 
2.1 1.2 
5.1 26.3 
24.2 18.3 
2.0 0.3 
2.5 0.2 
0.6 0.2 
0.0 
4.0 
1.5 
10.8 
+s.8 
1.3 
8.5 
4.3 
7.8 
27 
21 
17 
9 
21 
38 
13 
7 
41 
33 
8 
6 
26 
26 
24& 
237 
274 
102 
123 
70 
76 
37 
24 
120 
92 
50 
40 
68 
53 
51 
18 
15 
54 
43 
36 
55 
45 
'75 
51 
18 
15 
19 
10 
8 
5 
4 
4 
8 
4 
7 
13 
4 
5 
16 
22 
2 
2 
2 
6 
5 
0 
3 
5 
6 
4 
7 
5 
6 
8 
5 
5 
4 
3 
5 
6 
2 
5 
1 
8 
6 
5 
5 
9 
7 
3 
1 
8 
pctg. pctg. 
81 
76 
159 
178 
90 
113 
123 
157 
50 
50 
119 
108 
113 
146 
168 
196 
148 
149 
72 
81 
108 
144 
67 
107 
93 
89 
44 
60 
36 
29 
144 
147 
137 
140 
8 
17 
0 
5 
0 
16 
8 
22 
22 
6 
0 
0 
0 
0 
30 
22 
33 
0 
15 
11 
138 
76 
440 
138 
100 
100 
7 229 
33 48 
3 367 
6 183 
17 147 
17 294 
0 
11 
33 
33 
17 
12 
33 
8 
22 
16 
0 
50 
25 
33 
0 
5 
5 
33 
182 
200 
129 
183 
152 
138 
150 
138 
50 
224 
100 
440 
320 
303 
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TABLE 1. .Analysis of textiles 
Name of fabric 
No. 
142 Webbing or 
Belting 
143 Wigan 
Fiber 
Clnssifica· 
ti on 
jute 
jute 
cotton 
cotton 
Length 
inch 
7.4 
7.0 
0.9 
0.9 
2G. Fabric• of figured plain weaves 
144 Armure (Pl. ID) cotton 1.3 
145 Denim, figured 
(Pl. IE) 
146 Muslin, barred 
(Pl. IIH) 
cotton 1.2 
cotton 
cotton 
cotton 
cotton 
1.0 
0.9 
1.0 
0.9 
I. Fabrics of simple warp rib weave (Fig. 
147 Awning cloth cotton 0.8 
148 Buckram, a.rt 
149 Duck 
1 50 Taffeta, jaspe 
151 Tarpaulin 
2I. Fabrics of simple 
152 Webbing, elastic, 
cotton 0.8 
cotton 
cotton 
cotton 
cotton 
cotton 
cotton 
jute 
jute 
filling rib 
cotton 
0.7 
0.8 
0.8 
0.7 
2.5 
5.8 
weaves 
1 .0 
or Surgical c<>tton, 1.0 
continuous 
1.0 
webbing (Fig.lG) rubber 
cotton 
I. Fabrics of fancy warp rib weaves 
153 Agaric (Fig. lC) wool 2.6 
wool 0.8, 5.4 
154 Crepe seersu cker, cotton O. 9 
Crinkle cloth, or cotton O. 9 
Ripplette (Fig. lD) cotton 0.9 
155 Dimity, striped cotton 1.0 
(Fig, IE) cotton 1.0 
156 Gros de Londrea silk continuous 
(Fig. IF) silk continuous 
21. Fabrics of fancy filling rib weaves 
157 Bedford <iord, cotton 1.1 
cotton, or 
Warp pique 
(Fig. I H) 
158 Bedford cord, 
wool (Fig. 2) 
159 Canvas, Java, Aida. 
canvas, Fancy oat-
meal, Imitation 
gauze, or Mock 
Jeno (Fig. lJ) 
160 Faille (Fig. IK) 
161 Linear zigzag or 
Spider weave 
(Fig. IL) 
cotton 1.1 
cotton 0.9 
wool S.2 
wool 2.3 
cotton 0.8 
cotton 0.6 
silk continuous 
silk continuous 
cotton 0.8 
cotton 1.0 
Construe· 
ti on 
W2·ply 
F single 
Wsingle 
F single 
W2·ply 
F 3-ply 
W single 
F single 
Wsingle 
F single 
1 iB) 
W single 
F single 
Wsingle 
F 2-ply 
"'single 
F 2-ply 
W single 
F single 
Wsingle 
F single 
W2-ply 
W7-ply 
cable 
F 2-ply 
Wworsted 
F 2·ply 
spiral 
Wg single 
Wwsingle 
F single 
Wsingle 
F single 
Wsingle 
F single 
Wg single 
Ww2-ply 
F single 
Wworsted 
F worsted 
W2·ply 
F single 
W single 
F single 
W3-ply 
F S·ply 
Yarn 
Twist 
no. per in .. 
direction 
3L,2R 
3R 
23R 
19R 
23L, 29R 
17L, 14R 
18R 
UR 
25R 
24R 
9R 
SR 
-R 
-L,-R 
16R 
6L, 17R 
36R 
37R 
4R 
4R 
15L, 10R 
14R, 14L, 15R, 
9L, 11R 
8L, 15R 
7L 
7L, 33L, 2R 
26R 
21R 
31R 
35R 
29R 
12L 
0 
22R 
17L, 15R 
28R 
13R 
15R 
16L, 12R 
lOR 
14L 
SL 
9L, 11R 
4L, 16R 
D evi a.~ 
ti on 
nctir. 
7,20 
10 
6 
8 
8,10 
6,9 
7 
7 
2 
4 
8 
7 
4 
17, 5 
19 
16 
25 
15 
11, 2 
7,14,10 
9,12 
10, 8 
6 
16, 4, 20 
23 
8 
8 
3 
19 
8 
4 
7,6 
7 
6 
8 
7,17 
9 
4 
15 
5,17 
20, 10 
Count No. ,Pctg 
per of 
in. of (abri 
fabric 
\ yds. ner lb. 
693 1 6.0 74.2 
1,000 9.0 26.3 
13,675 45.0 54.l 
·15,893 45.0 42.2 
35,490 176.0 54.8 
8,509 41.2 45.4 
9,996 75.0 63.6 
8,232 41.0 36.3 
26,964 73.0 59.1 
37,540 67.0 41.5 
10,718 89.0 58.4 
4,721 30.0 41.6 
88.0 
26.0 
12,197 94.0 62.7 
6,014 27.5 37.3 
20,286 109.6 71.6 
21,840 54.4 27.6 
2,089 31.0 73.8 
2,570 14.0 26.1 
8,280 13.0 11.l 
71 13.0 44.1 
8,669 19.0 44.7 
2,092 82.0 25.2 
3,284 34.0 74.9 
15,641 83.0 59.4 
7,728 9.0 14.2 
89,757 60.0 24.7 
49,619 124.0 69.4 
89,712 74.0 80.0 
123,228 246.0 52.8 
61,412 78.0 47.5 
25,914 130.0 42.1 
18,356 34.0 27.5 
38,850 97.0 29.9 
21,991 89.5 61.2 
28,357 57.0 37.5 
7,028 28.4 42.7 
5,800 28.0 57.3 
126,490 232.0 62.S 
68,040 102.0 37.1 
3,673 31.0 57.5 
3,935 23.0 42.3 
Weight Thick· Width 
ness 
No. 
oz. per 
sq. yd. Pctg. in. 
142 18.73 0.0600 4.3 
143 3.67 0.0093 34.5 
144 6.32 0.0139 54.0 
145 7.66 0.0241 55.0 
146 2.94 0.0073 36.5 
147 9.86 0.0250 29.7 
148 10.11 0.0133 39.1 
149 7.58 0.0161 35.3 
150 4.71 0.0117 47.5 
151 11.96 0.0320 49.0 
152 23.69 0.0560 5.9 
153 9.78 0.0307 56.0 
154 3.64 0.0137 28.3 
155 1.90 0.0053 35.0 
156 1.83 0.0040 34.8 
157 5.17 0.0171 35.0 
158 3.81 0.0117 40.5 
159 5.48 0.0265 43.5 
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TABLE 1. (Continued) A:rialysis of textiles 
Finish 
dyed, sized 
dyed 
dyed 
bleached 
bleached 
dyed, sized 
bleached, sized 
dyed, sized 
dyed 
bleached 
dyed 
dyed 
bleached 
bleached, printed 
weighted, bleached 
dyed 
bleached 
bleached 
dyed, sized 
Fabric 
Water Ash Shrink-
extract age 
Breaking 
strength 
Elongation 
at breaking 
load 
___ ___ ___ Res. Dev. Res. ~ Wet Dry I Wet I 
pctg. pctg. pctg. lb. I pctg. of dry P ctg. of dry 
1.5 
31.9 
0.6 
2.4 
2.1 
3.8 
12.9 
5.7 
12.5 
2.9 
0.3 
0.8 
0.9 
3.7 
0.9 
1.2 
0.2 
0.5 
0.2 
0.8 
2.8 
6.3 >300 
1.5 135 
4.0 35 
+i.3 19 
3.5 
0.1 
5.0 
2.2 
1.9 
1.9 
9.4 
0.9 
107 
79 
91 
61 
44 
24 
0.0 4.4 
146 
107 
150 
129 
114 
+o.6 
1.0 8.1 
1.0 
0.4 
0.0 
0.1 
1.5 
2.5 
2.8 
0.3 
1.6 
1.S 
1.1 
3.8 
62 
74 
25 
201 
93 
43 
85 
23 
7.0 28.6 
21 
29 
11 
66 
28 
1.0 0.1 
0.4 
4.3 0.2 
1.6 
1.3 
5.7 
3.1 
66 
42 
41 
19 
46 
35 
9 
5 
8 
10 
6 
5 
7 
2 
8 
5 
10 
4 
2 
8 
4 
11 
20 
4 
12 
3 
3 
11 
13 
2 
6 
2 
8 
2 
5 
3 
6 
3 
4 
pctg. pctg. 
148 
86 
105 
107 
117 
111 
111 
105 
121 
116 
121 
78 
68 
112 
115 
184 
132 
74 
56 
185 
105 
166 
118 
64 
86 
126 
124 
85 
89 
83 
69 
11 
11 
12 
12 
12 
22 
11 
10 
10 
30 
17 
5 
16 
15 
17 
10 
9 
0 
0 
40 
90 
7 
17 
5 
5 
17 
15 
8 
17 
22 
25 
8 
12 
91 
100 
250 
183 
92 
150 
120 
80 
170 
167 
100 
340 
81 
80 
65 
133 
114 
168 
167 
171 
129 
100 
840 
147 
167 
138 
194 
255 
224 
188 
92. 
160 2.33 0.0049 34.3 bleached, weighted 8.5 36.5 64 
23 
94 
88 
10 
7 
6 
8 
78 
91 
124 
135 
4 
2 
11 
11 
200 
400 
109 
155 
161 8.67 0.0313 bleached 0.7 0.1 6.2 
+5.6 
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TABLE 1. Analysis of textiles 
Name of fabric Fiber Yarn 
-
Classifica· Length Construe· Twist Count No. P ctg. 
ti on ti on per of 
in. of fabri c 
fabric 
I 
Devia-
ti on 
no. per in., yds. 
No. inch direction net". nerlb. 
162 Parachute cloth silk continuous W single 0 74,248 99.0 45.7 
(Fig. lM) silk continuous F single 0 61,022 99.0 54.3 
163 Toweling, huck· linen 1 .6 W"single llR 6 10,937 77.0 50.1 
aback (Fig. lN) linen 1.3 F single lOR 15 11,231 73.0 49.1 
J. F abrics of simple basket weaves (Fig. 10) 
164 Crepe Romaine silk continuous W single 50, alter· 3 83,916 200.0 59.1 
nately 2L, 2R 
silk continuous F single 74, alter- 14 85,512 155.0 41.4 
nately 2L, 2R 
165 Hardanger cloth cotton 1.1 W2-ply BL, 7R 9, 7 5,477 37.0 49.7 
cotton 1 .0 F 2·ply 8L,4R 4,12 4,947 32.0 50.4 
166 Monk's cloth cotton, 0.9 F 2-plycom- 5L, 7R 18,20 3,000 20.0 49.1 
jute bi nation 
cotton, 1.0 F 2-ply com· 5L, 7R 14,17 2,600 20.0 50.8 
jute bi nation 
2J. Fabrics of fancy basket weaves 
167 Barathea, silk, or silk continuous Wsingle 14L 8 130,712 323.0 45.4 
Melrose (Fig. 2A) regenerated continuous F multi- 0 3,016 88.0 54.8 
cellulose filament 
168 B arathea, wool, or wool 3.5 W2-ply lOL, SR 11,18 8,702 74.0 51.0 
Twilled matt worsted 
(Fig. 2B) wool 3.2 F 2-ply lOL, 3R 12, lS 8,224 66.0 49.1 
worsted 
169 Dimity, barred, cotton 0.9 Wsingle 26R 2 26,384 73.0 55.2 
or Jaconet cotton 0.8 F single 40R 9 83,701 79.0 44.2 
(Fig. 20) 
170 Oxford cloth cotton 1.0 W single 21R s 8,534 101.0 42.1 
(Fig. 2D) cotton 1.0 F single llR 6 11,701 51.0 58.0 
21. Fabrics of oblique rib weaves 
171 Basket cloth wool 4.2 W2·ply 6L,1R 10,50 4,582 33.0 58.3 
(Figs. 2E & 4B) worsted 
wool 3.8 F 2·ply 7L,5R 14,18 5,429 31.0 46.1 
worsted 
H . Fabrics of 'h twill weave 
172 Domet, Outing, cotton 0.9 Wslngle 21R 4 25,402 52.0 25.6 
Shaker, or Tennis cotton 0.9 F single lOR 10 7,242 48.0 74.S 
fiannel, Flannelet, 
or Gypsy cloth 
(Fig. 2F) 
173 Cashmere wool 3.2 Wworsted 14R 5 27,989 64.0 46.4 
(Fig. 2G) wool 2.S F worsted lOR 7 82,609 72.0 5S.4 
174 Flannel, wool wool 2 .9 Wwoolen 12R 8 17,657 58.0 29.5 
(Fig. 2G) wool 2.1 Fwoolen llL 5 5,802 42.0 69.2 
175 Henrietta wool 1.4 Wworsted 21R 8 28,157 65.0 45.4 
(Fig. 2G) wool 2.5 F worsted lSR 7 55,969 138.0 53.8 
176 Melton, Boxcloth, wool Wwoolen -L 3,878 40.0 
or Pilot cloth wool F woolen -R 4,603 39.0 
(Fig. 2G) 
177 Sacking or jute 8.2 W single SR 17 1,323 8.0 72.0 
Double warp jute 5.6 F single 4R as 836 24.0 27.8 
twill (Fig. 2H) 
Weight Thick· 
ness 
--- ---
No. 
oz. per 
sg. zd. in. 
162 1.64 0.0042 
163 7.68 0.0114 
164 2.37 0.0063 
165 7.73 0.0223 
166 13.12 0.0388 
167 3.16 0.0074 
168 9.71 0.0245 
16~ 2.91 0.0079 
170 4.36 0.0099 
171 7.72 0.0243 
172 4.68 0.0194 
173 2.99 0.0096 
174 6.06 0.0174 
175 2.93 0.0089 
176 13.31 0.0401 
177 16.61 0.0370 
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TABLE 1. ((fontinued) Analysis of textiles 
Fabric 
Width Finish Water 
extract 
---
in. ~tg. 
36.6 bleached 4.6 
14.8 bleached 0.6 
39.6 bleached, weighted 12.2 
39.6 dyed 0.4 
49.6 1.7 
24.0 weighted, dyed 4.1 
60.0 dyed 0.7 
36.4 bleached 8.3 
36.0 bleached, mercerized -&.8 
67.0 bleached 1.9 
27.6 bleached, napped 0.0 
41.0 bleached 2.6 
62.0 bleached, napped 2.0 
41.5 dyed 3.3 
57.5 dyed, napped 2.4 
30.8 2.3 
Ash Shrink· 
age 
------
pct~. pctg. 
0.4 
0.1 
34.9 
0.7 
1.0 
12.-& 
1.7 
0.1 
0.1 
1.0 
1.6 
0.8 
3.6 
3.1 
2.4 
3.7 
0.6 
2.2 
0.3 
0.2 
0.1 2.3 
0.4 
0.1 
0.9 
4.2 
2.0 
+i.9 
4.3 
0.7 
Breaking 
strength 
Dey I w .. ~,Dev. Res. 
pctg. 
lb. ~tg. of drl 
44 
45 
129 
123 
55 
39 
92 
72 
96 
110 
73 
49 
96 
94 
so 
20 
38 
49 
78 
54 
35 
30 
20 
30 
31 
37 
13 
20 
32 
35 
181 
52 
4 
6 
5 
3 
2 
5 
3 
2 
7 
13 
2 
13 
6 
15 
4 
2 
5 
7 
14 
4 
7 
6 
4 
3 
2 
2 
4 
6 
4 
75 
96 
165 
146 
75 
87 
105 
97 
124 
112 
84 
49 
89 
80 
157 
135 
129 
110 
88 
87 
103 
140 
85 
67 
71 
81 
100 
65 
84 
74 
101 
115 
41 
Elongation 
at breaking 
load 
~1Wet 
pctg. 
~tg. of d 
11 
15 
5 
0 
33 
22 
4 
11 
11 
11 
100 
113 
164 
205 
200 
155 
300 
300 
22 159 
16 100 
25 
45 
5 
11 
0 
8 
25 
25 
5 
22 
16 
33 
17 
17 
0 
17 
22 
35 
0 
6 
268 
149 
220 
227 
213 
268 
232 
340 
100 
419 
236 
323 
388 
393 
227 
214 
117 
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TABLE 1. Analysis of texUles 
Name of fabric Fiber Yarn 
Classifi.ca· 
ti on 
No. 
2H. Fabrics of 2/ 1 twill weaves 
178 Cottonade or cotton 
179 
Hickory shirt· 
ing (Fig. 21) 
Drill, middy, 
Duretta cloth, 
Jean, or Silesia 
(Fig. 21) 
180 Drill, pocket 
(Fig. 21) 
181 Emery cloth 
(Fig. 21) 
cotton 
cotton 
cotton 
cotton 
cotton 
cotton 
cotton 
182 Foulard (Fig. 21) silk 
silk 
cotton 
cotton 
cotton 
cotton 
183 Khaki (Fig. 21) 
184 Denim, Dungaree, 
or Florentine 
(Fig. 2J) 
185 
186 
187 
188 
189 
190 
191 
192 
Kersey 
(Fig. 2J) 
Peau de soie 
(Fig. 2J) 
3H. Fabrics of 
Grenfell cloth 
(Fig. 2K) 
Toweling 
(Fig. 2K) 
Blanket, wool 
(Fig. 2L) 
Eiderdown 
(Fig. 2L) 
Gabardine 
(Fig. 2L) 
Hair press cloth 
(Fig. 2L) 
193 Polo cloth 
(Fig. 2L) 
194 Serge, storm 
(Fig. 2L) 
195 Sheeting, twill 
(Fig. 2L) 
196 Shepherd check 
(Fig. 2L) 
197 SuMe cloth 
(Fig. 2L) 
wool 
wool 
silk 
silk 
2/2 t will weave 
cotton 
cotton 
linen 
linen 
wool 
wool 
wool 
wool 
wool 
cotton 
hair 
hair 
camel's 
hair 
camel's 
hair 
wool 
wool 
cotton 
cotton 
wool 
wool 
wool 
wool 
wool 
wool 
Length 
inch 
0.6 
0.6 
0.9 
1 .0 
Construe· 
ti on 
W single, 
mock twist 
F single 
W single 
F single 
0.9 W single 
0.9 F single 
W single 
F single 
continuous W single 
continuous F single 
0.9 W single 
1.0 F single 
0.9 W single 
0.9 F single 
0.9 
0.8 
continuous 
continuou:) 
1.3 
1.2 
1.9 
1.0 
2.6 
8.9 
3.1 
1.9 
3.1 
1.1 
15.0 
13.4 
3.0 
1.3 
3.3 
5.1 
0.9 
1.0 
2.1 
3.8 
3.5 
2.1 
1.9 
1.0 
\V woolen 
F woolen 
Wsingle 
F single 
W2·ply 
F 2-ply 
W single 
F single 
\Vwoolen 
F woolen 
'Vwoolen 
F woolen 
W2·ply 
worsted 
F 2-ply 
W3·ply 
woolen 
F 6·ply 
woolen 
Wwoolen 
F woolen 
W2·ply 
worsted 
F worsted 
Wsingle 
}., single 
W worsted 
'V worsted 
F worsted 
F worsted 
Wwoolen 
F woolen 
Twist 
no. per in., 
direction 
25R 
14R 
17R 
23R 
18R 
14R 
-R 
-R 
3L 
0 
17R 
15R 
15R 
lOR 
20R 
UL 
14L 
0 
15L, 10R 
15L, 10R 
6R 
5R 
4L 
4L 
9R 
4R 
17L, UR 
20L, 12R 
3L, 1R 
lL, lR 
9L 
9L 
lOL, 6R 
13R 
18R 
15R 
15R 
17R 
14R 
16R 
UR 
-R 
Devi a· 
ti on 
n ctl?. 
1 
29 
4 
3 
u 
u 
27 
5 
3 
7 
4 
6 
7 
9 
9, u 
6, 2 
15 
12 
16 
16 
8 
12 
12,5 
6, 7 
13,40 
0, 20 
5 
7 
15,2 
7 
9 
13 
6 
12 
u 
10 
15 
I Count 
yds. 
ner lb. 
6,216 
5,527 
17,353 
21,017 
U,222 
15,322 
249,060 
140,700 
20,622 
18,060 
5,858 
U,592 
5,905 
5,818 
129,528 
35,490 
33,432 
34,801 
5,441 
4,818 
1,932 
1,428 
5,068 
4,609 
14,872 
12,768 
193 
84 
3,878 
4,631 
9,080 
16,338 
16,800 
16,296 
24.,091 
26,6U 
23,402 
24.,352 
22,378 
7,683 
No. 
per 
in. of 
fabric 
61.4 
31.2 
99.0 
60.0 
77.0 
62.5 
77.0 
66.0 
207.0 
106.0 
105.0 
60.0 
67.0 
40.0 
Pctg. 
of 
fabric 
64.4 
35.6 
65.5 
34.0 
64.4 
35.6 
49.1 
53.3 
60.3 
39.1 
77.6 
22.3 
48.0 46.1 
48.0 53.4 
192.0 44.7 
64.0 55.3 
96.0 67.8 
100.0 32.1 
35.0 53.2 
27.0 46.5 
23.0 62.5 
15.0 36.2 
33.0 
34..0 
U4..0 66.9 
58.0 33.1 
26.0 78.7 
6.0 26.7 
80.0 36.9 
55.0 62.5 
54.0 64.5 
37.0 35.3 
77.0 51.0 
72.0 4.8.6 
32.0 25.5 
32.0 24.7 
32.0 23.0 
32.0 25.5 
72.0 31.2 
74.0 68.3 
Weight j Thick · 
ness 
Widt h 
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TABLE 1. (Continued) .Analysis of textiles 
Finish 
Fabric 
Water 
extract 
Ash Shrink·/ Breaking Elongation 
age strength at breaking 
load 
I Dry I Wet I 
__ ---/ R es. 1~1 Res. Dry Wet 
oz. per J pctg. petg. 
_N_o_.~s=q~. -~· __ _ccincc·~---------'--"p"'ct,,.g.,_. _ ~g~g. · lb. pctg. of dry pctg. of dry 
178 9.86 0.0268 
179 4.67 0.0081 
180 7.20 0.0197 
181 16.67 0.0223 
182 0.96 0.0023 
183 4.93 0.0116 
184 8.92 0.0241 
185 10.66 0.0362 
186 2.08 0.0060 
187 4.97 0.0105 
188 6.88 0.0111 
189 12.47 0.0348 
190 9.08 0.0844 
191 8.15 0.0210 
192 127.88 0.2450 
193 11.57 0.0261 
194 5.07 0.0150 
195 4.96 0.0125 
196 3.44 0.0100 
197 5.90 0.0179 
28.5 
36.8 
30.8 
9.0 
35.0 
35.7 
29.0 
59.0 
35.5 
dyed, sized 
bleached 
coated 
dyed, printed 
dyed 
dyed 
bleached 
dyed, napped 
weighted, dyed 
mercerized, dyed 
19.8 bleached, calendered 
70.7 
36.8 
59.0 
15.0 
56.0 
56.0 
81.0 
39.0 
53.0 
napped 
napped 
napped 
bleached 
bleached 
dyed 
bleached 
dyed 
bleached 
dyed, napped 
6.4 
0.0 
4.5 
22.0 
8.8 
5.2 
8.7 
0.4 
6.3 
0.6 
2.4 
2.9 
0.3 
5.2 
1.5 
1.4 
0.7 
3.9 
2.0 
0.2 
0.1 
1.1 
47.7 
0.7 
0.8 
1.1 
0.9 
6.8 
8.8 
3.1 
3.5 
0.7 
3.8 
2.7 
1.6 
0.5 
3.6 
0.7 
0.7 3.2 
+o.9 
0.6 0.3 
1.0 
0.2 
0.4 
2.3 
0.2 
0.7 
o.o 
1.7 
0.2 
+o.5 
5.5 
4.2 
Hl 
80 
95 
46 
117 
75 
172 
114 
17 
16 
79 
47 
161 
53 
33 
40 
42 
20 
122 
56 
67 
36 
67 
35 
45 
22 
128 
55 
>800 
>300 
41 
25 
56 
25 
69 
69 
21 
20 
21 
12 
5 
7 
5 
9 
4 
4 
9 
9 
3 
5 
2 
5 
4 
4 
9 
6 
3 
14 
19 
3 
12 
10 
12 
3 
4 
7 
20 
4 
3 
4 
17 
121 
109 
119 
128 
113 
131 
62 
46 
112 
112 
124 
134 
104 
142 
94 
85 
88 
110 
137 
125 
127 
92 
101 
189 
78 
77 
67 
133 
129 
168 
77 
120 
100 
106 
76 
75 
86 
117 
17 
7 
8 
8 
22 
16 
7 
17 
0 
7 
7 
7 
22 
11 
17 
33 
22 
11 
22 
16 
0 
5 
25 
25 
44 
60 
60 
11 
17 
17 
17 
11 
8 
20 
22 
22 
11 
17 
106 
200 
213 
275 
200 
125 
229 
94 
243 
314 
429 
159 
155 
800 
170 
150 
200 
100 
100 
200 
68 
168 
177 
180 
167 
145 
488 
388 
32 
600 
125 
ll5 
227 
227 
455 
294 
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TABLE 1. .tinalysis of textiles 
Name of fabric Fiber Yarn 
Cl&ssifica· Length Construe· Twist Count No. Pctg. 
ti on ti on per of 
in. of fabri c 
fabric 
Devi&· 
ti on 
no. per in., yds. 
No. inch direction net<!. Der lb. 
198 Zibeline wool 4.4 W2·ply lOL, 5R 9, 16 G,821 45.0 47.6 
(Fig. 2L) worsted 
wool 3.8 F woolen 12L 8 6,065 36.0 58.1 
199 Surah (Fig. 2M) silk continuous W single 18L 5 109,536 121.0 42.1 
regenerated continuous F multi· 8L 20 87,624 92.0 59.9 
eellulOH filament 
4H. Fabrics of 1/8 twlll weave 
200 Flannel, Canton cotton 0.9 Wsingle 20R 7 23,024 02.0 44.7 
(Fig. 2N) cotton 0.9 F single llR 5 8,292 41.0 54.7 
6H. Fabrics of 3/1 twill weave (Fig. 20) 
201 Leather cloth cotton 0.9 Wmocktwlst 20R 9 11,516 66.0 
cotton 1.0 F single UR 7 8,030 38.0 
202 Ticking cotton 0.9 Wsingle 13R 8 10,030 81.0 57.2 
cotton 0.9 F single lOR 9 11,340 70.0 42.8 
6H. Fabrics of 1/ 4 twill weave (Fig. 2 P) 
203 Broadcloth, wool, wool Wwoolen 13L 5 48 
or Castor wool F woolen 14L 2 5,006 42.0 
204 Filter cloth or wool Wwoolen -L 82.0 
Billiard cloth wool F woolen -L 84.0 
7H. Fabrics of 4/1 twill weave (Fig. 2 Q) 
205 G-alatea. cotton 1.0 Wsingle 25R 8 21,588 120.0 60.5 
cotton 1.0 F single 21R 
' 
19,622 62.0 89.6 
SH. Fabrics of 3/3 twill weave (Fig. 2 R) 
206 Cheviot wool 4.0 W2-ply 7L,5R 13, 6 5,401 84.0 44.3 
woolen 
wool 4.0 F 2-ply SL, SR 14, 18 4,9S9 36.0 55.0 
woolen 
I. Fabrics of steep twill weavea 
207 Merveilleux silk continuous Wslngle UL 5 1'1,120 898.0 56.9 
(Fig. 28) silk continuous F single 0 80,122 95.0 43.1 
20S Poiret twill wool 3.4 W2-ply 15L, 2R 11, 15 20,143 U7.0 64.4 
(Fig. 2T) worsted 
wool 3.5 F worated 15R 5 27,997 s8·.o 85.2 
21. Fabrics of combination twill weaves 
209 Tricotine cellulose continuous Wmultl· SL 13 62,957 33S.0 76.2 
(Fig. 2U) acetate filament 
rayon 
spun silk F single 86L 4 62,160 74.0 28.S 
210 Whipcord wool 2 .9 W2-ply 16L, 5R 9,4 8,366 7S.0 61.9 
(Fig. SA) worsted 
wool 4.4 F worsted 14R 9 10,416 64.0 87.S 
.r. Fabrics of skip twill weaves 
2U Skip twill wool 2.7 W2-ply UL, SR 13, 33 6,7S5 42.0 49.9 
(Fig. SB) woolen 
wool 4.6 F 2-ply 12L, 6R S, 18 6,374 ss.o 50.4 
woolen 
2J. Fabrics of corkscrew twill weaves 
21! Velour (Fig. 3H) wool 2.S Wwoolen 16L 11 17,724 97.0 34.8 
wool 2.5 F woolen 12R 4 l 7,l 7S 146.0 64.8 
213 Charmeen wool 2 .7 Wworsted 19L 13 15,910 127.0 71.6 
(Fig. 3C) wool 4 .0 F worst~d 15R 10 20,630 72.0 2S.O 
Weight Thick· 
ness 
No. 
oz. per 
sq. yd. in. 
198 7.68 0.0243 
199 2.46 0.0049 
200 5.18 0.0171 
201 31.30 0.0256 
202 9.30 0.0220 
203 10.02 0.0089 
204 33.02 0.1148 
205 5.49 0.0124 
206 8.37 0.0266 
207 3.99 0.0083 
208 5.49 0.0166 
209 4.08 0.0108 
210 8.94 0.0227 
211 7.18 0.0230 
212 9.U 0.0289 
213 7.41 0.0185 
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TABLE 1. (Continued) Analysis of textiles 
Width 
in. 
32.0 
26.5 
54.5 
32.0 
62.5 
54.0 
28.5 
54.0 
30.3 
61.0 
39.1 
69.0 
57.0 
54.5 
66.5 
Finish 
dyed, napped 
bleached, dyed, 
weighted 
napped 
dyed, coated 
dyed 
dyed, napped 
napped 
dyed 
dyed, napped 
dyed 
bleached 
dyed 
dyed 
dyed 
dyed, napped 
bleached 
Fabric 
I Water Ash Shrink· Breaking Elongation extract age strength at breaking 
load I·_________ Res.Dr/y Dev. I ::~ Dry 1~ pctg. pctg. 
pctg. pctg. pctg. lb. pctg. of dry pctg. of dry 
1.5 0.5 
4.0 8.4 
0.5 0.1 4.0 
+o.5 
1.5 35.5 
3.3 
1.0 
1.7 
4.4 
1.9 
4.3 
2.5 
0.7 
0.9 
0.7 
1.4 
1.5 
0.7 
0.3 
0.6 
4.6 
2.8 
1.9 2.8 
+o.5 
0.2 
2.2 
6.1 
0.3 
0.7 
0.2 
0.4 
0.1 
65 
39 
71 
45 
60 
26 
98 
85 
118 
116 
29 
29 
131 
147 
66 
43 
49 
56 
164 
99 
82 
36 
66 
51 
120 
60 
49 
74 
62 
132 
50 
10 
3 
85 
57 
12 123 
5 127 
3 
3 
6 
9 
4 
0 
16 
12 
6 
9 
4 
2 
2 
5 
4 
1 
3 
2 
7 
2 
4 
3 
3 
104 
111 
115 
131 
83 
76 
88 
88 
141 
144 
88 
79 
99 
113 
61 
81 
70 
61 
67 
77 
83 
71 
66 
73 
53 
70 
33 
11 
33 
17 
100 
129 
8 212 
16 138 
0 
10 
22 
11 
18 
40 
50 
50 
250 
182 
166 
244 
188 
166 
184 
12 142 
15 167 
22 
33 
22 
17 
33 
28 
250 
208 
227 
269 
308 
296 
21 157 
13 181 
SS 278 
22 
67 
87 
44 
77 
55 
44 
266 
100 
100 
152 
87 
167 
152 
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TABLE 1. Analysis of textiles 
Name of fabric Fiber 
Classifies· Length Construe· 
ti on ti on 
No. I inch 
214 Mackinaw or wool S.S Wwoolen 
F woolen 
WB·ply 
F single 
Tartan (Fig. SE) wool 2.9 
215 Shoe cloth cotton 1.1 
(Fig. SG) cotton 0 .9 
K. Fabrics of simple •atin weaves 
216 Sateen or Satine cotton 1.2 Wsingle 
F single 
W2·ply 
F fiber 
(Fig. 3J) cotton 1.0 
217 
218 
219 
220 
221 
222 
223 
224 
225 
Hair cloth 
upholstery 
(Fig. 3K) 
Brocade, corset 
(Fig. 3L) 
Covert (Fig. 3L) 
Crepe meteor or 
Kitten's ear cr6pe 
(Fig. 3L) 
Damask, 
bleached linen 
(Fig. 3L) 
Damask, mercer-
ized cotton 
(Fig. 3L) 
Damask, per· 
manent·finished 
cotton (Fig. 3L) 
Damask, silver-
bleached linen 
(Fig. 3L) 
Doeskin (Fig. 3L) 
226 Lustrine or Sleeve 
lining (Fig. 3L) 
227 Satin Georgette 
(Fig. 3L) 
228 Ticking, art, or 
Satin tick 
(Fig. 3L) 
229 Duvetyn (Fig. SM) 
230. Thibet (Fig. 3M) 
231 Satin, cire 
(Fig. 3N) 
232 Charmeuse 
(Fig. 30) 
233 Cr~pe s atin 
(Fig. 30) 
cotton 1.0 
horse hair continuous 
cotton 0 .8 W2·ply 
F 2-ply 
W2-piy 
cotton 1.1 
regenerated continuous, 
cellulose, union 
wool 1.5 
wool 1.8 F 2·ply 
silk 
silk 
linen 
linen 
cotton 
cotton 
cotton 
cotton 
linen 
linen 
wool 
wool 
cotton 
cotton 
silk 
silk 
cotton 
cotton 
cotton 
spun silk 
cotton 
wool 
silk 
silk 
silk 
spun silk 
silk 
silk 
worsted 
continuous W single 
continuous F single 
1.2 W single 
1.2 F single 
0.9 Wsingle 
0.9 F single 
1.0 W single 
1.0 F single 
1.5 W single 
1.5 F single 
2 .2 w 2·ply 
worsted 
3.5 F worsted 
1.0 W single 
0.9 F single 
continuou s W single 
continuous F single 
0.8 W single 
0.8 F single 
1.1 W sin~le 
F 2-ply 
1.0 W single 
1.4 F woolen 
continuous W single 
continuous F single 
con tin nous W single 
F single 
continuous W single 
continuous F single 
Yarn 
Twist 
no. per in., 
direction 
SR 
6R 
13L, 13R 
16R 
19R 
17R 
18L, 21R 
0 
24L, 18R 
18L, 14R 
15R, 13R, 3R 
35L, SR 
0 
58, alter-
nately 2L, 2R 
9R 
lOR 
18, alter· 
21R 
23R 
19R 
15R 
18R 
13R 
13L, 4R 
llR 
43R 
17R 
16R 
nately 2L, 2R 
19R 
16R 
76, alter· 
33R 
llL, 15R 
15R 
SR 
0 
nately 2L, 2R 
13L 
5R 
0 
78, alter· 
nately 2L, 2R 
I 
De via· 
ti on 
DCtlr. 
9 
5 
10,7 
4 
6 
7 
10,5 
6,8 
8, 9 
10,5,33 
14,10 
6 
10 
22 
20 
10 
22 
12 
7 
10 
6,12 
8 
4 
4 
3 
8 
4 
4 
2 
8, 11 
8 
12 
1 
13 
28 
5 
Count 
yds. 
per lb. 
1,772 
2,033 
17,321 
20,966 
39,522 
35,656 
12,046 
12,726 
23,310 
15,889 
19,874 
13,524 
70,560 
29,014 
17,136 
17,388 
14,868 
12,180 
18,900 
14,869 
11,256 
9,660 
15,036 
14,742 
23,940 
20,202 
147,000 
103,236 
15,439 
12,768 
41,496 
17,514 
10,164 
12,751 
No. 
per 
in. of 
fabric 
31.0 
27.0 
114.0 
1117.0 
94.0 
132.0 
68.0 
114.0 
161.0 
69.0 
120.0 
58.0 
845.0 
77.5 
77.0 
66.0 
61.2 
42.0 
79.7 
78.6 
61.3 
51.1 
96.0 
66.0 
138.0 
72.0 
232.0 
127.0 
120.0 
60.0 
Pctg. 
of 
fabri c 
I 
52.3 
47.o 
:rn.o 
60.5 
84.9 
64.7 
60.8 
87.6 
29.4 
81.6 
39.1 
44.6 
55.1 
54.2 
45.9 
54.8 
45.3 
45.0 
55.0 
51.5 
48.1 
57.4 
42.0 
63.2 
36.8 
54.1 
45.9 
60.9 
38.6 
130.0 42.5 
67.0 57.1 
39.0 10.8 
28.0 89.6 
126,000 476.0 60.S 
45,452 103.0 39. 7 
191,772 
47,569 
103,320 
43,546 
272.0 
100.0 
456.0 
118.0 
41.8 
57.6 
54.1 
46.2 
Weight Thick· 
ncr:,s 
oz. per 
No. sq. yd. in. 
214 23.27 0.0730 
215 7.9-i 0.0153 
216 3.35 0.0058 
217 8.46 0.0201 
218 7.12 0.0127 
219 6.48 0.0167 
220 3.46 0.0097 
221 5.06 0.0063 
222 4.46 0.0074 
223 5.60 0.0079 
224 6.08 0.0101 
225 6.82 0.0160 
226 5.25 0.0072 
227 1.66 0.0063 
228 7.ZS 0.0125 
229 4.10 0.0163 
230 20.04 0.0520 
231 3.83 0.0058 
232 2.09 0.0056 
233 3.54 0.0068 
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'rABLE 1. (Continued) Analysis of textiles 
Fabric 
Width Finish Water Ash Shrink· Breaking Elongation 
extract age strength at breaking 
--------- _!!_~i~I ::~ Dry loladWet 
pctg. pctg. 
pctg. pctg. pctg. lb. pctg. of dry pctg. of dry in. 
58.0 dyed, napped 2.4 
35.5 bleached 0.6 
35.8 ble1Whed, mercerized, 1. 7 
Schreinerlzed 
22.0 dyed 1.4 
40.5 bleached 6.8 
dyed, mercerized 
52.5 bleached, dyed 1.5 
40.0 dyed 2.0 
71.5 bleached, calendered 2.2 
57.7 bleached, 0.5 
Schreinerized 
74.8 bleached, permanent· 0.9 
finished, 
Schrelnerlzed 
7 5.9 bleached, calendered 
55.0 
42.G 
40.0 
32.3 
dyed 
dyed, 
water-resistant 
dyed 
bleached, printed 
35.3 dyed, napped 
31.0 dyed, napped 
39.0 weighted, dyed, cire 
39.0 dyed 
39.0 weighted, dyed 
2.1 
1.0 
3.3 
2.9 
2.9 
2.3 
2.5 
8.3 
4.8 
7.0 
1.9 
0.2 
0.1 
0.7 
0.3 
0.1 
0.4 
2.3 
0.3 
1.3 
0.6 
6.1 
1.0 
0.1 2.2 
+o.5 
0.1 7.2 
+0.2 
0.4 2.7 
0.9 
0.3 5.4 
0.1 
0.9 
0.4 
0.4 
0.2 
2.4 
42.4 
0.3 
37.6 
+4.2 
2.1 
1.3 
3.5 
o.o 
92 
62 
124 
{'2 
22 
44 
83 
195 
118 
83 
72 
45 
89 
70 
94 
78 
62 
47 
54 
67 
81 
58 
68 
37 
100 
44 
54 
35 
140 
70 
52 
56 
45 
71 
88 
34 
58 
57 
89 
43 
3 
3 
2 
8 
3 
8 
3 
3 
4 
0 
4 
4 
5 
13 
8 
12 
12 
10 
9 
5 
8 
1 
8 
3 
9 
5 
4 
3 
2 
5 
4 
4 
3 
7 
3 
5 
5 
85 
87 
102 
102 
186 
159 
122 
83 
103 
105 
40 
56 
92 
86 
110 
94 
108 
94 
120 
116 
131 
140 
79 
100 
108 
111 
80 
97 
103 
123 
139 
57 
102 
97 
82 
129 
109 
84 
88 
109 
67 
67 
8 
8 
0 
12 
10 
33 
5 
5 
40 
33 
17 
50 
0 
0 
0 
11 
0 
11 
0 
0 
33 
33 
25 
25 
33 
40 
5 
17 
11 
33 
11 
50 
16 
16 
12 
10 
20 
22 
100 
84 
213 
100 
183 
380 
203 
440 
220 
180 
248 
206 
156 
155 
155 
203 
203 
83 
114 
100 
125 
340 
100 
109 
55 
100 
100 
213 
294 
208 
160 
200 
255 
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TABLE I. A:nalysis of textiles 
Name of fabric Fiber Y&rn 
Classiftca· Length Construe· Twist Count No. Pctg. 
ti on ti on per of 
in. of fabri c 
Devia· 
fabric 
ti on 
No. 
no. per in., yds. 
inch direction nrtP, ner lb. 
234 Da.mask, double linen 1.5 W single llR 14 15,035 76.0 58.5 
(Fig. 80) linen 1.0 F single 15R 11 21,600 75.0 46.5 
235 Satin, Baroneite regenerated continuous Wmulti· 0 30,702 128.0 68.7 
(Fig. 80) cellulose filament 
cotton 1.3 F 2·ply 16L, 18R 7,9 25,830 50.0 29.3 
236 Satin, Ducheue silk continuous W single 14.L 9 133,812 289.0 54..9 
(Fig. 30) silk continuous F single 0 70,308 124.0 45.1 
237 Venetian, Farmer'• cotton 1.1 W2·ply 15L, 15R 9,5 36,053 179.0 60.0 
satin, or Warp cotton 1.1 F single 21L 5 21,848 72.0 39.8 
sateen (Fig. 30) 
238 Ribbon (Fig. SP) wool 8.7 W2·ply llL 13 10,710 95.0 55.6 
worsted 
regenerated continuous Wmulti· 0 29,753 95.0 21.5 
cellulose 11lament 
wool 4 .4 F 2·ply llL 5 11,701 40.0 22.4 
worsted 
L. Fabrics of double satin weaves 
239 Imperial sateen cotton 0 .9 W2·ply 14L, 12R 13,10 9,122 72.0 26.6 
(Fig. 4A) cotton 1.0 F single 14.R 17 16,246 201.0 73.2 
2L. Fabrlca of granite weavea 
240 Chain :tllter oloth cotton 0.9 W2·ply llL, SR 9,11 8,693 38.0 63.6 
(Fig. 4B) cotton 1.0 F 4·ply 4L, 17R 10,9 3,266 66.0 36.4 
241 Pebble cloth wool 2.6 W2·ply 8L,2R 16,80 5,549 37.0 58.6 
(Fig. 4C) woolen 
wool 2.7 F woolen SR 12 5,328 83.0 45.9 
J. Fabrics of simple pointed twill weaves 
242 Coutil (Fig. 4D) cotton 1.0 Wsingle 29R 8 25,402 147.0 59.4 
cotton 1.1 F single 20R 7 20,681 83.0 40.9 
243 Tweed (Fig. 4E) wool 4 .3 Wwoolen 6L 8 2,540 22.1, 
wool 4.3 W2·ply 6R,4L 8,30 1,699 0.9 }SU 
grandrelle 
19.2 ~ wool 2.6 F woolen 7L 15 2,338 
wool 2.6 F 2·ply 6R, 6L 8,23 1,816 0.8 j"·8 
grandrelle 
2J. Fabrica of fancy pointed twill weaves 
244. Birdseye or cotton 1.1 Wsingle 19R 10 19,706 65.5 42.1 
Diaper cloth cotton 0.9 F single 13R 7 10,072 45.0 57.8 
(Fig. 4F) 
245 Brighton cloth cotton 1.0 W3·ply 10L, 12R 5,9 3,847 33.0 50.8 
(Fig. 4H) cotton 0.9 F 3·ply 4L, 14.R 0, 11 3,757 27.0 49.8 
246 Figured twill or regenerated 13.8 Wcom· 9L 9 7,918 44..0 48.7 
Ornamental twill cellulose bination 
(Fig. 41) ( 76. 7%). 
wool 2.9 
regenerated 3.9 F com- lOL 13 7,476 43.0 51.0 
cellulose bination 
(76.7o/o), 
wool 2.3 
247 Honyecomb or cotton 1.0 W2·ply SL, 9R 10,10 4,137 86.0 54.1 
Waffle cloth cordonnet 
(Fig. 4G) cotton 1.0 F 2·ply SL, lOR 8, 5 3,933 27.0 46.0 
cordonnet 
Weight Thick-
ness 
Width 
COMPARATIVE ANALYSIS OF FABRICS 
TABLE 1. (>Continued) Analysis of textiles 
Fabric 
Finish Water Ash Shrink-
extract age 
Breaking 
strength 
49 
Elongation 
at breaking 
load 
___ ___ ___ Res.DrlyDev. I ::~ ~1 Wet 
oz. per pctg. pctg. 
No. sq,_Y!i:,__;__oi.n::.·:_-'--"'in:..:· __ -'-1------~-pc=t~g~. ~~pc=tg~·~~pc=tg~·~-lb. pctg. of dry pctg. of dry 
234 5.17 0.0066 
235 3 .54 0.0090 
236 2.55 0.0044 
237 4.95 0.0080 
238 9.13 0.0206 
239 11.84 0.0343 
240 19.42 0.0412 
241 7.69 0.0232 
242 6.17 0.0117 
243 11.52 0.0137 
244 4.59 0.0134 
245 10.26 0.0308 
246 6.61 0.0183 
247 9.19 0.0345 
71.0 bleached, calendered 
39.0 bleached 
36.0 weighted, dyed 
54.0 
4.2 
31.0 
32.5 
56.0 
36.0 
55.8 
26.5 
56.0 
80.0 
mercerized, dyed 
dyed 
bleached 
dyed 
dyed, napped 
dyed 
dyed 
dyed 
bleached 
bleached 
bleached 
bleached 
1.2 
1.0 
5.4 
0.7 
1.3 
4.1 
1.8 
1.0 
0.6 
4.8 
0.7 
0.7 
0.9 
O.L 
0.1 
0.2 
14.0 
0.2 
0.2 
0.4 
0.8 
0.2 
0.2 
2.5 
0.0 
1.0 
3.9 
0.6 
1.4 
1.4 
2.0 
2.0 
91 
79 
67 
24 
GO 
46 
84 
35 
142 
27 
93 
232 
4.3 >300 
1. 7 221 
65 
2.5 
1.9 
50 
114 
95 
52 
20 
0.4 3.9 47 
52 +2.2 
0.2 5.3 
+3.4 
0.4 
0.2 1.6 
+s.6 
95 
84 
43 
41 
121 
90 
9 
14 
6 
5 
2 
7 
9 
8 
1 
18 
2 
3 
5 
2 
2 
5 
7 
4 
3 
4 
7 
11 
4 
4 
3 
2 
3 
87 
86 
52 
154 
90 
107 
118 
149 
91 
115 
114 
112 
121 
82 
78 
111 
128 
92 
100 
115 
121 
131 
130 
37 
34 
97 
106 
2 
2 
17 
12 
16 
16 
5 
11 
33 
200 
150 
194 
142 
206 
206 
220 
155 
203 
5 1200 
5 
22 
11 
50 
50 
22 
11 
11 
6 
8 
22 
17 
33 
17 
22 
17 
35 
220 
227 
100 
134 
134 
150 
200 
236 
250 
200 
150 
41 
85 
94 
150 
100 
97 
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'!'ABLE 1. Analysis of textiles 
Name of fabric Fiber Yarn 
. Cln'8ifica· 
t=-
Conl'ltrnc· Twist Count No. Pctg. 
ti on t i on per of 
in. of fabri 
fabric 
,r 
I 
Devia-
ti on 
no. per in. , yds. 
No. 
----- h direction net~. uer lb. 
c 
21. Fabrics of broken twill weaves 
248 Entwining twill wool 2.0 Wwoolen I7L 8 5,I74 45.0 52.4 
(Fig. 4J) wool 2.0 F woolen 14L 5 5,653 40.0 47.5 
249 Tape (Fig. 4K) cotton I.I W2-ply 28L, 5R 7,I2 26,998 92.0 55.2 
regenerated continuous F multi· 0 2I,596 92.0 43.5 
cellulose filament 
31. Fabrics o{ curved twill weaves 
250 Curved twill cotton 1.0 W4-ply 9L, 13R 5,4 4,978 37.0 60.3 
(Pl. IF) linen 6.5 F single 6R 5 6,740 32.0 39.2 
G. Wai-1>-backed fabrics 
25I Alhambra (Pl. IG) cotton I .I Wsingle I8R I2 20,446 28.0 10.4 
cotton 1.1 Wsingle 17R I5 I2,I30 55.0 33.2 
cotton 1.0 F single 7R 13 3,143 22.9 56.6 
252 Beaver cloth wool 0 .8 W"woolen 13L 5 5,712 80.0 
(Fig. 5A) wool 0.9 F woolen llR 4 5,796 80.0 
253 Frieze (Fig. 5B) wool 1.7 \Ywoolen 5L 16 1,697 26.0 47.5 
wool 3.1 F woolen 6L I2 1,83I 26.0 48.7 
254 Madra.s shirting cotton 1.2 Wgsingle 23R 5 35,389 78.0 62.4 
(Pl. II I) cotton 1.1 Wf 2·ply I3L, 11R 6,18 9,635 8.0 9.7 
,...-·-
' 
cotton 1.1 F single 13R 8 25,897 72.0 44.9 
255 Satin gros grain silk continuous Wsingle 0 76,608 576.0 81.9 
(Fig. 5C) silk continuous F single 56L 3 46,603 92.0 18.8 
256 Satin royal or silk continuous W single 0 212,016 463.0 59.1 
Double face satin silk continuous F single 73L 9 90,720 130.0 38.5 
(Fig.VD) 
257 Swiss, lappet dot cotton 1.0 Wg single 2IR 8 55,398 75.0 48.4 
(Pl. III A) cotton 1.0 Wf 2-ply -L,-R 6,300 16.0 
cotton 0.9 F single 20R 6 71,476 72.0 35.6 
258 Tuck or Plea.t cotton 1.3 Wg2·ply 33L, 5R 2, 18 34,965 90.0 7.3 
cloth (Fig. Y I) cotton 1.3 Wt2-ply 33L, 5R 2,18 34,965 60.0 42.6 
cotton 1.1 F single 23R 13 42,252 84.0 50.1 
2G. Filling-backed fabrics 
259 Blanket, Jae· cotton 0.9 Wsingle I6R 12 I2,499 43.0 24.I 
quard, Bathrobe cotton 0.9 F single 6R 11 4,224 38.0 75.6 
blanket, or Re· 
versible filling 
(Fig. 5E) 
260 Brocatelle cotton I.3 W2·ply 2IL, IR I6,40 25,578 90.4 24.6 
(Pl. I H) cotton 1.3 W2·ply 2IL, IR I6,40 35,860 22.6 4.4 
linen 2.7 F single BR 14 5,200 44.0 61.2 
k"· regenerated continuous Fmulti 4L 13 27,502 44.0 10.1 
cellulose filament 
261 Damask, com- cotton, 1.3, W3-ply 48R, I2L, 11R 3, 8, 9 I2,298 I75.0 60.3 
pound (Pl. I I) copper-silver continuous lame 
(72%) 
cotton, 1.3, F 5·ply 33R, 25L, 4R 5,4, 12 5,003 38.0 32.6 
copper-silver continuous lame 
(69%) 
cotton 1.0 F 2-ply 16L, 13R 7, 6 23,285 38.0 6.6 
262 Fiber fabric paper continuous W 1 '/.·in.ch 2L 0 36I 6.0 I8.3 
(F ig. 50) strip 
cotton 1.0 F 2-ply I2L, 9R 8, 7 5,956 I0.0 6.8 
paper continuous F %·inch 2L I 5 496 I3.0 36.9 
strip 
cotton 0.8 F 3-ply 3L, 13R 20,5 5I2 I3.0 37.8 
(34%), covered 
wool 4.0 
Weight Thick· Width 
ness 
COMPARATIVE ANALYSIS OF FABRICS 
TABLE 1. (Continued) Analysis of textiles 
Fabric 
Finish Water Ash Shrink· 
extract age 
Breaking 
strength 
51 
Elongation 
at breaking 
load 
--------- Res.DrlyDev. I ::t ~1~ 
oz. per petg. petg. 
No~y~d~·_:_~i~n~·__: _ _.:.:in~·---'---------=---pc~t~g.'--'-"pc~tg=-'-,--=--~pc~t~g~.-'--~l~b~.--'-~p~c~tg~.--'o~f~d~ry'-'-~pc~t~g~._o~f~d~rv~. 
248 8.71 0.0243 66.0 
249 4.14 0.0100 0.8 
250 7.19 0.0216 60.6 
251 8.06 0.0280 
252 19.61 0.0640 67.0 
253 20.35 0.0640 60.0 
254 3.85 0.0096 32.6 
255 6.34 0.0108 40.0 
256 2.13 0.0060 87.6 
257 1.61 0.0053 
258 6.16 42.0 
259 8.00 0.0260 36.6 
260 9.52 0.0217 60.0 
261 14.44 0.0183 24.0 
262 40.88 0.1690 
dyed, napped 
dyed 
bleached 
dyed 
bleached 
dyed, napped 
dyed, napped 
bleached, dyed 
weighted, dyed 
dyed 
bleached 
dyed, napped 
mercerized, dyed 
mercerized, dyed 
dyed, emboaaed 
dyed 
1.3 
0.6 
1.2 
0.9 
1.3 
2.1 
0.9 
0.4 
0.6 
2.4 
4.3 
3.7 
1.9 
0.1 6.6 
1.2 
4.1 
47 
40 
44 
99 
64 
68 
77 
82 
94 
46 
40 
8.8 0.5 2.6 48 
2.5 43 
3.4 24.9 
4.2 23.6 
3.2 0.1 
2.6 1.4 
1.6 
2.0 
0.6 
3.6 
2.0 0.8 6.2 
+i.2 
1.4 0.8 1.8 
2.7 
1.2 82.7 
2.4 1.6 
167 
38 
68 
28 
19 
3 
81 
44 
27 
85 
140 
97 
86 
96 
168 
3 
3 
2 
3 
6 
92 
88 
116 
135 
96 
6 106 
4 113 
3 76 
2 69 
2 
3 
5 
2 
3 
3 
3 
4 
8 
53 
2 
6 
9 
4 
7 
10 
8 
9 
4 
89 
83 
119 
142 
92 
92 
79 
82 
84 
100 
113 
118 
226 
108 
147 
96 
95 
65 
22 
33 
11 
60 
33 
227 
170 
146 
44 
30 
3 367 
11 100 
33 182 
67 100 
22 
33 
200 
133 
11 200 
15 200 
33 133 
33 
17 
17 
0 
0 
11 
11 
50 
10 
0 
8 
8 
8 
11 
167 
166 
259 
200 
165 
100 
220 
100 
138 
338 
145 
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TABLE 1. .Analysis of textiles 
Name of fabric Fiber 
263 
264 
26S 
266 
267 
Moleskin or 
B eaverteen 
(Fig. SH) 
Molleton (Fig. SJ) 
Silence cloth or 
Table felt 
(Fig. SF) 
Swiss, swivel dot 
Pl. III B) 
Swiss, tissue dot 
(Pl. III C) 
Classifica-
tion 
cotton 
cotton 
cotton 
cotton 
cotton 
cotton 
cotton 
cotton 
cotton 
cotton 
cotton 
cotton 
268 
G. Warp pile fabrics 
Frise (Fig. 6A) cotton 
linen 
cotton 
269 
270 
271 
272 
273 
274 
Moquette 
(Fig. 6B) 
Plush, upholstery 
(Fig. 6C) 
Terry cloth or 
Turkish toweling 
(Fig. 6D) 
Velours 
(Fig. 6E) 
Velvet, chiffon, or 
Transpa.rent valvet 
(Fig. 6F) 
Velvet, cut 
(Fig. 6G) 
cotton 
worsted 
cotton 
cotton 
cotton 
cotton 
mohair 
cotton 
cotton 
cotton 
cotton 
cotton 
cotton 
silk 
silk 
silk 
silk 
r egenerated 
cellulose 
silk 
27S Whitney wool 
(Fig. 6H) wool 
2G. Filling pile fabrics 
276. Bolivia 
(Fig. 7A) 
277 Chinchilla 
(Fig. 7B) 
278 Corduroy, Boy-
duroy, Cotton, 
G'enoa, or Velvet 
cords, or Hollow 
cut (Fig. 7E) 
wool 
wool 
wool 
wool 
wool 
cotton 
cotton 
cotton 
L ength 
1 .0 
0 .8 
1.1 
0.9 
1.0 
1.0 
0 .7 
0 .7 
0.9 
1.1 
0 .8 
0.8 
4.7 
0.8 
1.1 
6.6 
1.1 
1.1 
0.9 
0.9 
1.1 
0.9 
1.0 
1.0 
1.1 
continuous 
continuous 
continuous 
continuous 
0.9 
1.7 
2.6 
1.1 
3.1 
3.1 
0.9 
1.0 
Construc-
tion 
W3-ply 
F single 
W single 
F single 
W single 
F single 
Wsingle 
Ff 3-ply 
Fg single 
W single 
F single 
Ff single 
Wg3-ply 
Wp3-ply 
F 2-ply 
Wg 2-ply 
Wp2-ply 
worsted 
Ww3-ply 
Ww3-ply 
F 2-ply 
W3-ply 
Wpsingle 
Fg single 
W single 
F single 
Wg2-ply 
Wp single 
F 2-ply 
Wgsingle 
Wpsingle 
F single 
Wgsingle 
Wpmulti-
filament 
F single 
Wwoolen 
F woolen 
W2·ply 
woolen 
];'g woolen 
Fpwoolen 
W woolen 
F woolen 
Wsingle 
Fg single 
Fpsingle 
Yarn 
Twist Count 
no. per in., 
direction 
I :e~· h}g. in. of fabri 
l_n_te_i~-~a--- i----lfabric · yds. 
pctg. per lb. 
13L, 1SR 
13L 
13R 
3R 
13R 
4R 
17R 
-L,-R 
2SR 
27R 
24R 
1SL, 19R 
6L, 10R 
24L, 9R 
17L, 6R 
7L,SR 
17L, 5R 
9L, 5R 
13L, 9R 
16L, 16R 
lOR 
13R 
13R 
21L, 17R 
9L,10R 
17L 
18R 
38L 
39R 
lOR 
lOL 
13L, 7R 
llL 
9L 
llL 
22R 
17R 
8, 5 
4 
5 
10 
12 
18 
5 
16 
3 
3 
11, 14 
17, 15 
10,10 
5,3 
11, 8 
9,10 
6, 6 
7,8 
9,9 
5 
10 
12 
17, 8 
9, 9 
5 
3 
2 
3 
11 
8 
11, 7 
5 
12 
7 
5 
6 
9,S09 
19,08S 
12,600 
2,160 
8,610 
3,095 
62,664 
6,300 
53,634 
52,450 
68,242 
6,392 
5,775 
13,314 
8,040 
7,080 
7,830 
4,076 
11,130 
8,236 
5,969 
14,146 
12,264 
13,633 
8,484 
98,448 
73,912 
117,012 
148,428 
3,671 
3,881 
9,929 
3,105 
3,570 
1,248 
14,683 
12,172 
50.0 
226.0 
45.0 
60.0 
71.0 
44.0 
68.0 
43 .0 
75.0 
52.0 
34.0 
32.0 
63.0 
17.0 
34.0 
34.0 
17.0 
35.0 
31.0 
54.0 
73.0 
31.0 
43.0 
44.0 
86.0 
110.0 
96.0 
89.0 
56.0 
4 8.0 
46.0 
28.0 
28.0 
28.0 
24.0 
48.0 
27.0 
25.9 
73.8 
12.0 
88.l 
37.2 
62.8 
48.2 
16.2 
35.6 
57.3 
10.7 
10.7 
17.9 
66.7 
15.4 
8 .4 
40.4 
17.1 
16.1 
15.0 
13.7 
56.5 
29.8 
77.8 
17.6 
17.2 
57.5 
25.3 
10.9 
67.5 
21.6 
17.9 
64.6 
17.5 
54.1 
44.0 
29.5 
30.0 
40.5 
42.2 
57.2 
23.4 
16.0 
60.6 
Weight Thick· 
ness 
------
oz.per 
~g.._y_d. in. 
263 12.17 0.0350 
264 27.42 0.1000 
265 29.70 0.0489 
266 1.23 0.0064 
267 1.48 0.0053 
268 16.29 
269 14.14 
270 16.98 
271 9.03 
272 11.91 
273 4.16 
274 2.16 
275 18.52 0.0071 
276 10.55 
277 11.49 0.0150 
278 7.97 
COMPARATIVE ANALYSIS OF FABRICS 
TABLE 1. (Continued) Analysis of textiles 
Width Finish 
in. 
28.4 bleached 
39.5 bleached, napped 
26.0 napped 
29.5 bleached 
34.8 bleached 
52.0 dyed 
mercerized, dyed 
lashed cut and loop 
pile, dyed 
52.0 dyed 
52.2 
loop pile 
dyed 
lashed cut pile 
17.5 bleached, loop pile 
52.0 dyed 
39.0 
38.0 
60.0 
54.0 
57.5 
36.0 
cut pile-up 
bleached 
cut pile-up 
dyed 
lashed cut pile 
dyed, napped 
dyed 
lashed cut pile 
dyed, napped 
bleached 
Fabric 
Water 
extract 
---
J!Ctg. 
0.3 
0.3 
2.4 
2.2 
1.4 
1.0 
2.0 
0.8 
0.0 
0.3 
1.8 
1.4 
0.3 
0.9 
0.9 
0.8 
cut, laahed and pile up 
Ash Shrink· Breaking 
age strength 
Dry I Wet 
---
___ R es. , Dev. Res. 
pctg. 
I!Ctg. 1!£tg. lb. pctg:. · of dry 
0.1 1.1 
0.8 
0.1 0.0 
+i.4 
0.8 2.4 
o.o 
0.1 0.5 
0.2 
0.4 
0.7 
0.1 
0.8 
0.7 
2.6 
2.7 
1.9 
0.0 0.3 
+3.o 
0.2 0.0 
2.1 
0.6 
0.4 
1.4 
0.2 
0.1 
0.1 1.2 
+ 0.1 
91 
193 
70 
81 
128 
50 
16 
7 
18 
8 
87 
78 
88 
49 
58 
108 
23 
30 
52 
76 
34 
54 
24 
19 
52 
35 
55 
23 
53 
16 
39 
17 
4 
15 
4 
5 
5 
9 
10 
14 
10 
11 
7 
4 
4 
7 
9 
5 
10 
6 
5 
5 
2 
6 
9 
6 
3 
3 
6 
4 
6 
4 
4 
96 
112 
121 
158 
125 
226 
88 
100 
111 
100 
160 
128 
125 
118 
122 
115 
100 
97 
117 
141 
59 
69 
79 
100 
94 
103 
73 
96 
79 
88 
90 
135 
53 
Elongation 
at breaking 
load 
Dry I Wet 
pctg. 
pctg. of dry 
8 
12 
33 
33 
30 
22 
5 
0 
11 
33 
17 
5 
11 
11 
17 
12 
22 
5 
5 
5 
22 
22 
33 
40 
33 
17 
33 
33 
8 
11 
213 
50 
100 
152 
183 
250 
220 
152 
129 
220 
200 
200 
147 
142 
136 
440 
440 
220 
340 
200 
200 
133 
125 
227 
294 
233 
233 
213 
155 
54 RACH EL EDGAR 
TABLE 1. Analysis of tea;tiles 
Name of fabric Fiber Yarn 
Const rue· 
Clnssifica· Length ti on Twist Count No. P ctg. 
t i on per of 
in . of fab1·ic 
Devi a.· 
fabric 
ti on 
j no. per in., yds. No. inch direction nrt"". ner lb. 
279 Montagnac or wool 1.3 Wwoolen llL 12 5,154 55.0 
Astrakhan wool 0.9 F woolen SL 23 4,095 110.0 
(Fig. 7D) 
2SO Velveteen or Wal· cotton 1 .2 W single 15L 6 31,214 Sl.O 25.3 
demar (Fig. 7E) cotton 1 .0 Fgsingle 12L 3 33,726 56.0 16.7 
cotton Fp single 5S.0 
F . Ply fabrics 
2Sl Buckram cotton Wo single -R 16.0 
(Pl. IV A) cotton Wr single -R 40.5 
cotton Fo single -R 12.0 
cotton Fr single -R 32.5 
2S2 Willow willow continuous Wo strip 0 6,72S 15.0 37.2 
(Pl. III D) cotton 0.7 Wraingle 21R 5 19,0S5 16.0 10.5 
willow continuous Fo strip 0 3,757 9.5 35.5 
cotton 0.6 Fr single 21R 2 22,764 24.0 15.2 
H . Fabrics of a reverse surface of ftoating yarns 
2S3 Pique, fleece-back cotton o.s Wo single 16R 6 26,855 56.0 20.1 
(Pl. III E) cotton 1.1 Wrsingle 17R 6 124,488 30.0 10.3 
cotton 1.0 Fo single 19R 
' 
35,838 71.0 20.0 
cotton 0.9 Fr single SL 3 7,358 36.0 48.9 
2H. Doubly transPOsed fabrics 
2S4 Kidderminister cotton 1.2 Wo single 24R 3 33,852 47.0 23.0 
cloth or Ingrain cotton 1.2 Wrsingle 24R 3 33,852 47.0 24.1 
(Pl. III F) cotton 1.1 Fo 2·ply 16R, 15L 9, 9 24,520 41.0 26.4 
r egenerated continuous Fr multi· 0 28,585 41.0 24.5 
cellulose filament 
2G. Fast-back fabrics 
285 Mitcheline or cotton 1.0 W single SOR 4 19,253 53.6 23.2 
Patent satin cotton 1.0 Fo single 70R 8 22,894 26.4 18.2 
(Fig. 7F) cotton 1.0 Fr single 17R 9 2,570 26.4 64.1 
286 Pique, Toilet cotton 1 .8 Wsingle 22R 9 56,246 175.0 40.5 
cloth, or Welt cotton 1 .3 Ww2·ply 20L, 7R 9 27,838 51.0 17.9 
(Fig. 7G) cotton 1.3 Fo single 25R 10,7 92,064 148.0 18.9 
cotton 1.3 Fr single 15R 9 36,S34 74.0 22.6 
2S7 Tapestry, up- cotton 0.6 W2·ply 12L, 15R 13,5 29,500 39.0 9.2 
holstery (Pl. IV B) cotton o.s W2·ply 21L, SR 7,6 12,84S 39.0 19.8 
cotton 0.6 W2·ply 21L, SR 7,6 15,1S7 89.0 16.9 
cotton 1.0 F single 24R 4 S5,522 32.0 5.1 
cotton 1.0 F single 14R 16 S,05S 64.0 48.S 
F. Half.fast-back fabrics 
28S Marseilles cot ton 0.9 Wo single 16R 6 22,823 60.0 12.6 
(Pl. III G ) cotton 0.9 Wrsingle 26R 4 12,835 30.0 10.6 
cotton 1.0 Fo single 29R 5 23,461 55.0 9.6 
cotton 0.6 Fr single 28R 2 22,848 27.5 4.9 
cotton 0.9 Fwsingle 6R 7 2,397 27.5 61.4 
2F . Wadded blister fabrics 
289 Matelasse r egenerated continuous Wo multi· 6L 18 41, 731 129.0 38.6 
(Pt. I V C) cellulose filament ~~ 
' 
spun silk Wr2·ply · 15L, 15R 5,19 38,396 42.0 18.1 
spun silk Fosingle SR 9 48,644 41.0 10.1 
spun silk Fr single 6R 10 51,887 21.0 5.8 
spun silk Fw 2-ply 4L, lOR 15, 11 7,983 18.0 31.9 
COMPARA'rIVE ANALYSIS OF FABRICS 
'rABLE 1. (Continued) Analysis of textiles 
Fabric 
Weight Thick· Width Finish Water Ash Shrink· 
uess extract age 
Breaking 
str ength 
55 
Elongation 
at breaking 
load 
_________ Res.Dr/yDev. I :.,:t Dry I Wet c 
oz. per pctg. petg. 
No. sq~~d~- -i~n~·--~in~----------~pe""'tg~.'----"pe~t~g~._pe~t~s~--~l~b·:__-'--"pe~t3g~.-"'o~f=dry::.L..'-"J>C1~t,.g~.~o~f~d~ry"-
279 26.03 0.0885 60.0 
280 6.13 35.0 
281 5.48 0.0317 24.0 
282 4.05 0.0300 24.0 
283 6.51 0.0220 27.5 
284 3.34 0.0119 34.5 
285 9.00 0.0322 86.6 
286 5.04 0.0130 37.0 
287 9.90 0.0302 50.C 
288 13.35 0.0448 
289 4.80 0.0167 39.0 
dyed, napped 
dyed 
cut pile up 
dyed, sized 
sized 
bleached, napped 
bleached, dyed 
bleached 
bleached 
dyed 
bleached 
dyed 
2.8 
1.5 
24.5 
15.5 
1.2 
0.7 
2.0 
0.2 
0.9 
0.7 
2.1 
2.7 
0.9 1.6 
0.7 
0.5 
0.4 
0.3 
0.0 
0.1 
0.9 
0.1 
1.3 
+1.0 
1.0 
o.o 
1.2 
0.8 
0.0 
s.o 
1.5 
2.5 
4.1 
3.4 
4.5 
1.1 
52 
67 
40 
15 
61 
56 
45 
40 
85 
52 
44 
32 
52 
185 
80 
79 
93 
116 
66 
166 
68 
51 
8 
6 
6 
0 
11 
11 
13 
21 
4 
10 
3 
6 
2 
8 
2 
2 
3 
5 
9 
3 
6 
4 
121 
73 
118 
147 
75 
41 
58 
85 
106 
106 
105 
78 
96 
112 
101 
95 
129 
123 
95 
101 
56 
71 
17 
33 
11 
17 
0 
0 
0 
0 
7 
20 
8 
22 
3 
12 
0 
8 
25 
11 
17 
22 
11 
17 
294 
76 
100 
129 
157 
81 
138 
50 
200 
117 
135 
176 
200 
65 
22 
100 
100 
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TABLE 1. .Analysis of textiles 
Name of fabric Fiber Yarn 
Classifi.ca· Length Construe- Twist Count No. Pctg. 
ti on ti on per of 
in. of fabric 
Devi a-
fabric 
I 
tion 
no. per in., yds. 
No. inch direct.ion I?£tg. ~rib. 
5E. Double fabrics 
290 Albert cloth wool 1.7 Wowoolen 14L 5 4,172 S4.0 21.2 
(Pl. IV D) wool s.s Wrwoolen SL 3 S,251 21.0 27.1 
(Fig. 2, J & L) cotton, 0.9, Wbcom- llL 10 9,929 6.0 s.s 
regenerated continuous bi nation 
cellulose 
cotton 0.9 Wb2-ply 18L, 16R 8,4 6,21S 6.0 2.0 
wool 1.7 Fowoolen 14L 5 7,162 27.0 22.0 
wool 1.S F woolen llL 8 S,284 18.0 2S.5 
E. SimJ)le gauze fabrics 
291 Bagging, gauze cotton 0.8 WS-ply SL, 7R 10, 11 7Sl 8.0 54.8 
(Pl. III H) cotton 0.9 F 10-ply SL, 7R 0, 19 605 5.0 45.2 
292 Marquisette cotton 1.1 Wsingle 22R 7 40,958 68.0 62.4 
cotton 1.1 F single 20R 5 34,902 S4.0 S6.5 
29S Mosquito bar cotton 1.1 Wsingle 26R 4 22,549 20.0 68.1 
cotton 0.9 F single 14R 11 19,46S 10.0 31.9 
294 Screen cloth cotton 0.7 Wsingle 20R 4 10,0SO 28.0 35.0 
cotton 0.7 F 2·ply 14L, 14R 9, 7 6,278 14.0 65.0 
295 Tire breaker cotton 1.0 w 12-ply 6L, 5R, 18R 2,14,19 1,015 14.0 5S.5 
fabric or Inserts hawser 
cotton 1.1 F 24-ply 5L, 4R, 18R 2, 12, 2 592 8.0 46.4 
hawser 
2E. Fancy gauze fabrics 
296 Bolting cloth silk continuous Wsingle llL 19 202,500 2S7.0 
(Pl. III I) in the gum 
silk continuous F single 12L 10 152,656 148.0 
in the gum 
297 Lace cloth or cotton 0.9 Wsingle 29R II 45,914 66.0 51.9 
Cellular cloth cotton 1.0 F single SOR 4 41,731 56.0 47.4 
(Pl. IV F) 
298 Madras gauze cotton 1.5 Wtwist 2SR, 28R 19,4 37,99S 56.0 40.4 
(Pl. IVG) on twist 
cotton 1.5 Fgtwist 27R, 31R 5,2 40,345 32.0 25.S 
on twist 
cotton 1.2 Ff single llR 11 11,021 S2.0 SS.9 
299 Ondule, warp cotton 1.4 Wsingle 27R 5 38,102 68.0 44.3 
(Pl. IVE) cotton 1.4 F single 27R 5 40,891 57.0 55.7 
300 Russian-Cord cotton 1.S Wg single SlR 4 S6,5S2 84.0 S4.1 
shirting cotton 1.1 Ww2-ply 21L, 6R 8, 7 17,900 12.0 11.8 
(Pl. IV H) cotton 1.4 Wwh2-ply 42L, 6R 6,7 48,997 8 .0 19.4 
cotton 1 .S F singfe 19R 8 SS,464 88.0 S4.7 
COMPARATIVE ANALYSIS OF FABRICS 57 
TABLE 1. (C-0ntinucd) A:nalysis of textiles 
Weight Thick· 
ness 
Width 
--- --~ ----
Finish 
Fabric 
Water Ash Shrink· 
extract age 
Breaking 
strength 
Elongation 
at breaking 
load 
__ __ Res.DrlyDev.1_:..:~ ~1~ 
oz. per pctg. pctg. 
_No. sq:.y.o:d.:.... ""--'i.::n.:.... --'----"'in;;;.;. __________ ,,_p"'ct"'g"-. ~_.p_c~g. pctg. lb. I pctg. of dry pctg. of dry 
290 15.58 0.0565 54.5 dyed, napped 1.7 2.2 61 4 90 16 275 
40 3 90 33 182 
291 11.00 0.0290 23.0 1.6 0.7 11.0 89 6 132 25 112 
10.0 80 5 138 17 147 
292 1.51 0.0068 48.0 bleached 0.1 0.1 1.9 20 2 105 0 
0.2 11 7 100 0 
293 0.82 0.0103 58.5 sized 15.3 0.5 4.8 13 2 92 0 
1.5 2 25 100 0 
294 3.80 0.0153 35.9 bleached, sized 50.3 0.2 26 2 50 0 
28 4 68 0 
295 15.82 0.0560 1.9 0.7 191 4 60 
213 2 22 
296 1.35 0.0036 40.0 3.5 0.9 37 3 105 17 259 
37 5 108 17 259 
297 1.59 0.0052 34.5 dyed 0.6 0.4 6.6 18 2 158 0 
1.4 12 1 144 5 160 
298 2.01 0.0107 38.0 bleached 0.9 0.5 6.5 26 7 119 16 206 
dyed 18.7 13 12 115 16 419 
bleached 
299 2.00 0.0068 35.5 dyed 0.9 0.3 2.5 18 167 9 122 
12.5 12 4 108 28 178 
300 3.25 0.0092 32.0 bleached, dyed 0.5 0.1 1.0 41 5 117 11 145 
bleached 
mercerized, dyed 
bleached, dyed 0.7 35 5 106 8 200 
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A. P lain weave* F. Gros de Londres K. Faille 
B. Simple warp rib weave G. Webbing, elastic L. Linear zigzag 
C. Agaric H. Bedford cord, cotton M. Parachute cloth 
D. Crllpe seersucker I. Bedford cord, wool N. Toweling, huckaback 
E. Dimity, striped J. Canvas, Java 0. Simple basket weave 
*Black squares represent warp yarns and white squares filling yarns. 
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A. Barathea, silk 
B. Barathea, wool 
C. Dimity, barred 
D. Oxford cloth 
E . Oblique rib weave 
F. 1/2 Left twill weave 
G. 1/2 Right twill weave 
,, 
,. 
Fig. 2. 
H. Double warp twill weav.e 
I . 2/1 Left twill weave 
J. 2/1 Right twill weave 
K. 2/2 Left twill weave 
L. 2/2 Right twill weave 
M. Double warp twill weave 
N. 1/3 Right twill weave 
' ~ 1 
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' c 
..J * f 4 " Gr 
+ ~ 
' + t( 
+ II 4 
• + 
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'~ 
O. 3/1 Left twill weave 
P. 1/4 Right twill weave 
Q. 4/ 1 Left twill weave 
R. 3/3 Right twill weave 
S. Merveilleux 
T. Poiret twill 
U. Tricotine 
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A. Whipcord 
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G. Shoe cloth 
H. Velour 
I. Rice weave 
J. 1/4 Satin weave 
K. Haircloth upholstery 
L. 4/1 Satin weave 
S" 
L ,. ' 
"" 
, 
M. 1/5 Irregular satin weave 
N. 6/ 1 Satin weave 
0. 7 /1 Satin weave 
0. 7 /1 Satin weave 
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A. Imperial sateen E. Tweed 
B. Chain filter cloth F. Birdseye 
C. Pebble cloth G. Ho'lleycomb 
• 
D. Coutil H. Brighton cloth 
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I. Figured twill 
J. Entwining twill 
K. Tape 
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A. Beaver cloth 
B. Frieze 
0. Gros grain satin 
D. Satin royal 
* X represents tuck warp 
+ 
• 
' 
,, 
t 3 
Fig. 5. 
E. Blanket, Jacquard 
F. Silence cloth 
G. Fiber fabric 
H. Moleskin 
8 
' t c 
6 
H 
6 
K 
I. Tuck cloth* 
J. Molleton 
K . President weave 
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A. Frise* 
B. Moquette 
C. P lush, upholstery 
• Dots represent tufts of pile. 
RACHEL EDGAR 
H 
Fig. 6. 
D. Terry cloth 
E . Velours 
F. Velvet, chiffon 
.... 
' 
1 , 
F 
c. 
G. Velvet, cut 
H . Whitney 
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A. Bolivia.• D. Montagna.e G. Piqu6 
B. Chinchilla. E. Velveteen 
C. Corduroy F. Miteheline 
• Dots represent tufts of pile, 
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FIG. A. Ribbonzine 
FIG. B. Chamoisette 
FIG. C. Astrakhan 
FIG. D. Armure 
FIG. E. Figured denim 
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PLATE I 
FIG. F. Curved twill 
FIG. G. Alhambra 
FIG. H. Brooatelle 
FIG. I. Compound damask 
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Plate I 
67 
FIG. A. Braid 
F!G. B. _Wicking 
FIG. C. Padding 
}'IG. J>. W1>nl jersey 
FIG.-E. Balbriggan 
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PLATE II 
FIG. F. Bobbinet 
FTG. G. Filot 
FIG. H. Barred muslin 
FIG. I. Maclrns shirting 
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Plate II 
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FIG, A, Swiss, lappet dot 
FIG, B. Swiss, swivel dot 
FIG, C. S'wiss, tissue clot 
FIG. D. Willow 
F!G. E. Fleece-back pique 
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PLATE III 
FIG. l!'. Kidderminster cloth 
FIG. G. Marseilles 
FIG. H. Bagging, gauze 
FIG. I. Bolting cloth · 
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Plate III 
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FIG. A. Buckram 
FIG. B. Tapestry, upholstery 
FIG. C. Matelasse 
FIG. D. Albert cloth 
HACI rnr. IW<li\I! 
PLATE IV 
FIG. E. Warp ondule 
FIG. F. Lace Cloth 
FIG. G. Madras gauze 
FIG. H. Rus~ian-Conl shirting 
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Plate IV 
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ON THE CHI-SQUA~E TEST FOR HOMOGENEITY 
GF.ORGE w. 8NEDECOR AND M. R. IRWIN 
From the Department of Mathematka, Iowa State College and the Depwrtment of 
Genetka, Umt7er1ity of Wi.soonsm 
Accepted ;for publication July 5, 1933 
The usual practice among experimental workers, whose data are in-
terpreted in terms of probabilities for or against an event, has been to re-
gard the mean probability as representative of the entire set. If, however, 
the data are of such a nature that they may be divided for examination into 
subsets, the likelihood may be determined that the series of subsamples has 
been drawn fro~ a population which is homogeneous in the sense that the 
probability of the event is uniform throughout the experimental material. 
Particularly numerous are those sets of experimental results in which the 
frequencies of the observations comprising the various subsets are unequal. 
Among the cases of this kind which have been brought to the attention of 
the senior author were many dealing with mortalities in induced epidemics 
of laboratory animals and in controlled infestations of field crops. While 
the appropriate analysis is in principle directed towards an examination 
into the homogeneity of the statistical results of the experimentation, in 
practice it becomes a critical test both of the uniformity of the experimental 
material and also of the technique employed in handling it. 
Let us assume a series of similar treatments of a given population, as of 
groups of laboratory animals subjected to an infection with a fixed number 
of pathogenic bacteria, the analysis then resolves itself into a test as to 
whether the mortalities of the various subsamples are distributed around 
their mean in such a manner that the deviations therefrom may or may 
not be ascribed to the chances of random sampling. If an examination 
shows that the discrepancies from a binomial distribution are so great that 
they cannot be accounted for on the basis of chance deviations from the 
expected, it is clear that one or more disturbing factors were present in 
the experiment. Either the technique (using the term to include all the 
factors other than those inherent in the experimental subjects) was at fault, 
or the cause of the departure from expectancy should be sought within the 
experimental population. 
Biological literature contains several examples of analyses of experi-
mental data in which the sizes of the various subsamples are equal. Parkes 
(1923) compared the actual divergence with the expected under a binomial 
distribution of the sex-ratio in .swine, using records of herdbooks of various 
breeds, and finding the samples non-homogeneous for this character. Mc:Phee 
( 1927) employed data from an experimental herd of swine which were 
found to be homogeneous as to sex-ratio. He attributed the heterogeneity of 
Parkes' data to errors in reporting the distribution of the sexes in the 
litters. "Mathetes" (1927) in an analysis of the effect of manuring on 
the infestation of barley by the gout fly gave a very excellent example of 
the method of procedure when the number of subsets is small. 
The limits of laboratory possibilities, however, do not always permit 
the use of subsets of equal size over a series of experiments. In such cases 
[75] 
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a modification of the method of analysis is required. Pearson (1911) and 
Arne Fisher (1922) have given solutions of the problem. The senior author 
(1930) has developed a method which is especially adapted to the kinds 
of data frequently appearing in immunity tests. This method has been 
adopted by R. A. Fisher ( 1932) in his fourth edition. The computations 
will be explained in detail in connection· with the first and fourth illustra-
tions to follow. 
The data in table 1 are drawn from experiment,s by the junior author 
(Irwin, 1929), in which controlled doses of a specific organism were in-
jected into groups of laboratory animals. The sizes of these groups (sub-
samples) were dictated by the number of experimental animals available 
TABLE 1. Bes'lilts obtai-ned from Vn.jecti<m of fifteen rubsamples of a pop-ulation of 
rats with a standard dose of the DOITll!/SZ bacillus 
Subsample. 
number 
1 
2 
3 
4 
5 
6 
· 7 
8 
9 
10 
11 
. 12 
13 
14 
15 
Number 
injected 
n 
40 
12 
22 
26 
43 
25 
17 
20 
11 
37 
39 
47 
29 
43 
20 
l!n = 431 
q = 15.31322 per cent 
Number 
dead 
8 
31 
10 
19 
22 
36 
21 
14 
17 
10 
35 
35 
47 
22 
31 
15 
:I:s = 365 
x;2 = 22.62 
Percentage 
mortality 
p 
77.50000 
83.33333 
86.36364 
84.61538 
83.72093 
84.00000 
82.35294 
85.00000 
90.90909 
94.59459 
89.74360 
100.00000 
75.86207 
72.09302 
75.00000 
ii = . 84.68678 per cent 
P .= 0.07 
at each date of injection. In any subsampl~ the probability of death is 
given by 
lOOs p = -- per cent. 
n 
The average (weighted mean) probability for the entire sample is 
100 l:s p l:n per cent, 
while the average probability of survival is 
q = 100 - p per cent. 
The problem is to test the hypothesis of homogeneity in the reaction 
of these groups of rats to the injection. The formula for chi-square is 
2 ___:, 100 {l:sp - p l:s) 
x - pq 
in which l:sp, the sum of the products of the pairs of numbers in the third 
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and fourth columns of the table, is readily computed on a calculating ma-
chine as follows, 
~Sp= (31) (77.50000) + (10) (83.33333) + ... = 31,203.95. 
Substituting in the formula for chi-square this and the other specified values 
taken from the table, we have 
2 100[31,203.95 - (84.68678) (365)] 
x = (84.68678) (15.31322) = 22.62. 
The test is completed by entering a table of chi-square with degrees of 
freedom, 15 - 1=14, and noting the probability, P = 0.07, that similar 
samples of chi-square, drawn at random from the same homogeneous popu-
lation, would be larger. Though this is a rather small probability, still the 
several inoculated groups may be considered tentatively as subsamples 
drawn from a population in which a uniform probability of death is reg-
nant. Within the limits of experimental error the animal population may 
for the present be assumed homogeneous and the technique adequate. 
The number of decimal places carried in the table is necessitated by 
the difference in the numerator of the chi-square fraction. Frequently the 
first four or five figures cancel out. This would leave the value of chi-
square depending upon spurious arithmetic unless an adequate number of 
decimals is carried. 
The chi-square test is frequently capable of extension to greater num-
bers of observations on account of the well known additive character of the 
statistic. This obviates the unreliability of small samples while preserving 
the individuality of the probability which may be inherent in each such 
sample. The method is illustrated by the data of table 2, the fourth sample 
in which is the same as that given more in detail in table 1. Each of the 
TABLE 2. Data on five samples of rat.q inooulated with different doses of the organism 
Dose Number Number Degrees of 
millions injected of groups freedom x2 p 
4000 80 7 6 7.67 0.27 
275 134 5 4 8.55 0.08 
210 93 3 2 4.44 0.11 
150 431 15 14 22.62 O.D7 
120 102 4 3 2.41 0.39 
Totals 34 29 45.69 0.025 
populations corresponding to these five samples, if considered alone, would 
be adjudged homogeneous. All of the samples, however, have values of P 
lying much closer to the value P = 0.05 than to the value P = 0.95. Since 
the five groups of rats were inoculated with different numbers of organisms, 
they cannot be combined into a single sample of 34 subsets, but it is proper 
to add the values of chi-square in the several samples, together with their 
degrees of freedom. This produces a combined experience based on 29 
degrees of freedom, with the corresponding values of x2 = 45.69 and 
P = 0.025. We conclude that, while this value of chi-square might ind.eed 
arise in the process of sampling from a homogeneous population, yet coupled 
with the consistently small values of P, the presumption is that the prob-
ability of death really does vary somewhat from subsample to subsample 
within each of the five samples, including probably that of table 1. The 
78 GEORGE W. SNEDEOOR AND M. R. ffiWIN 
increasing certainty in the larger sample is the result of the recurrence of 
the small probabilities in the successive small samples. 
The value of the foregoing analysis in interpreting the results of ex-
periments in genetics is illustrated by a third set of data (table 3) drawn 
from the same source as that of tables 1 and 2. S represents a susceptible 
TABLE 3. .Rea-ult of mooulatmg &tocka of mffering hereditary oomp08iti&n 
Number Number Number Percentage 
Stocks subsamples injected dead mortality x2 p 
s 46 228 211 92.5 101.7 < 0.01 
Ra 15 431 365 84.7 22.6 0.07 
R. 23 137 58 42.3 58.8 < 0.01 F, 32 175 96 54.9 97.9 < 0.01 
B 24 163 81 49.7 57.1 < 0.01 
F, 28 200 51 25.5 71.4 < 0.01 
strain, which in combination with Ra (random stock) was used as control 
throughout the experiment; R,., a resistant stock; F 1 , the progeny of mat-
ings between individuals of R1 and S stocks; the backcross, B, and F 2 stocks 
are the progeny of matings F 1 XS and F 1 X F 11 respectively. 
The percentage mortalities of the backcrossed and F 2 stocks as shown 
in table 3 would indicate a dominant factor as determining hereditary re-
sistance to the infection. This would necessitate and strengthen the assump-
tion that the mortalities of the F 1 stock were due to the absence of the 
dominant factor ; a very logical conclusion since the average reaction of 
this hybrid stock was much closer to that of its resistant parent than to 
that of the susceptible parent. 
However, if each of the stocks be examined by subsets (litters, except 
in Ra) according to the method outlined above, it becomes apparent that 
one cannot reason from the point of view of averages alone since they in 
themselves give no indication as to the homogeneity of the experimental 
material. The values of chi-square show clearly that the only stock which 
might be said to be drawn from a population homogeneous in regard to 
mortality was the Ra (control) stock. In all the other strains the signifi-
cantly large values of chi-square point to variations among the percentage 
mortalities in the litters greater than can be accounted for by the chances 
of random sampling from a homogeneous population. This means that 
there is no evidence for a constant probability of death underlying all the 
subsamples of a stock. 
If we accept the reaction of the Ra strain as tentative evidence of the 
uniformity of technique throughout the experiment, it would seem reason-
able to conclude (disregarding the possibility of other disturbing factors) 
that the variability of the other stocks was due to differences inherent with-
in the litters. This is suggestive of parental differences in ability to trans-
mit resistance to offspring. Whatever the cause of the heterogeneity, any 
argument for a pair of hereditary factors in determining resistance or 
susceptibility in this experiment is shown by this test to have no foundation. 
Were there no comparative basis from which to estimate whether or 
not the deviations from a binomial distribution might be due to errors of 
technique, or to differences in the reactions of the experimental subjects 
because of changing environment, it would follow that no critical argument 
could be advanced as to whether or not the discrepancies from the expected 
under a binomial distribution were due to known causes. 
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In table 4 we give another example of the advantage of testing for 
homogeneity before proceeding with further statistical analysis. These 
data, due to Hartzell (1929), are taken from an experiment designed to 
test the efficacy of two methods of applying insecticides. The apples were 
picked from eight trees in each plot. 
TABLE 4. CocllW..g moth mjury cm two plots totth different treatment 
Sprayed plot Dusted plot 
Lime sulfur and arsenate of lead 90·10 sulfur arsenate of lead dust 
No. apples No. apples Percentage No. apples No. apples Percentage 
examined injured inEred examined injured injured 
1804, 102 5.65 1083 118 10.90 
1811 88 4.86 1011 48 4.75 
860 2 0.23 946 128 13.53 
1671 7 0.42 840 37 4.41 
1078 11 1.02 2347 41 1.75 
1204, 9 0.75 2404 69 2.87 
1199 17 1.42 2548 38 l.49 
2149 13 0.60 2376 38 1.110 
11776 249 2.114 13555 517 3.814 
i2 = 257, P=O x2 = 497, P=O 
The values of x2 indicate that there is no constant probability of injury 
under either method. The difference between the (weighted) mean per-
centages, 
3.814 - 2.114 = 1.700 per cent 
may indeed be due to the difference in treatment, but, on the other hand, 
it may be due to the unknown causes which produce the heterogeneity with-
in the two samples. Under such circumstances, a test for the significance 
of this difference is of doubtful value. If, however, one desires to make it, 
he is limited in his choice of a method. He may not use the value of p in 
Pearson's formula (1907) because this has just been proved to have no 
uniform value in the subsamples. If he should use the chi-square test for 
independence in the ordinary fourfold table, he would ignore the demon-
strated heterogeneity of the subsets. Since he is dealing with small samples, 
the appropriate method is that of Fisher (1932). For this the sum of the 
squares of deviations from mean is required in each plot. These are easily 
obtained from the formula for the weighted variance in such tables as 
1 and 4, 
2 100 (l:sp - pl:s) 
a = l:n 
Since the numerator is the same as that of the chi-square fraction, the addi-
tional computation is trivial. The variances in the two plots of apple trees 
are 
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From these, the desired sums of squares are derived simply by multiplication 
by eight, the number of subsamples in each plot. Using Fisher's method 
of computation the following table is obtained. 
Number of 
trees, Degrees of 
N freedom 
Sprayed plot 8 7 
Dusted plot 8 7 
Totals 14 
Pooled estimate of variance - 143·717 = 10.265. 14 
Variance, 
as 
4.5104 
13.4542 
Variance of mean difference = 10.265 (% + %) = 2.566. 
Standard deviation of mean difference = 'I/ 2.566 = 1.602 per cent. 
t = 1.700 = 1.061. p = 0.3. 
1.602 
Sum of 
squares, 
Na2 
36:·~ 
107.634 
143.717 
The conclusion is that the difference between the percentages of apples 
injured in the two plots is too small to be attributed to anything other than 
chance variations in subsamples from the same population. The lack of 
homogeneity may be due either to the technique of applying the insecticide 
or to some unknown characteristics of the onslaught of the insects. No 
critical test of treatment is possible in the presence of such pronounced 
heterogeneity in the percentage of injured fruits. 
SUMMARY 
A test of technique is outlined for experiments whose results are ex-
pressed as probabilities for or against an event in groups of unequal fre-
quencies. 
Examples are given of the manner in which the application of the test 
may enable the investigator to avoid erroneous conclusions if heterogeneity 
appears. 
For the case of unequal frequencies an efficient method of computation 
of chi-square and standard deviation is explained in detail. 
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The frequency with which new species of coccidia of the genus Eimeria 
are being described and the widely scattered literature on the subject make 
desirable a catalog of the species described to date. In an effort to com-
pile such a catalog the original literature has been consulted in most cases, 
but in a few instances, indicated in the bibliography, it was necessary to 
rely upon the statements of other authors who apparently had their in-
formation directly from the original descriptions. 
While a sincere effort has been made to include in the catalog both 
those species which have been described under the generic name Eimeria 
and species described under other generic names, but very plainly to be 
included in Eimeria, it is nevertheless possible that a few species have been 
overlooked. Hence the catalogers invite correspondence from workers who 
may have noted any such omissions. 
The effort has been made to confine activities within the proper sphere 
of the cataloger. Homonyms have been indicated by footnotes. Certain 
species which were originally assigned to the genus Eimeria, but which for 
very evident reasons appear actually to have no proper place in this 
genus, have been retained in the catalog, but in these cases footnotes have 
been inserted to indicate their true genera. No decisions have been made 
concerning synonyms. The reason for this should be apparent to workers 
familiar with the difficulties involved, in innumerable cases, in definitely 
resolving questions of synonymy. 
In some instances authors have described species as "Eimeria ( T)" 
or "Genus ( 1) '', stating in the latter case that the species may be Eimeria. 
These have been retained in the catalog, the footnote "Genus ( T)" being 
used to designate them. There are listed 220 species and 183 hosts. 
GENUS EIMERIA AIME SCHNEIDER 1875 
Synonymy 
Cytospermium Rivolta 1878 
Coccidium Leuckart 1879 
Orthospora Schneider 1881 
Karyophagus Steinhaus 1889 
Pfeiff eria Labbe 1894 
Banam,,ell,a Labbe 1895 
Goussia Labbe 1896 
Crystallospor-a Labbe 1896 
Pf eifferell,a Labbe 1899 
Eimeriella Stiles 1901 
Parac.occidium Laveran & Mesnil 1902 
J arrima Leger & Hesse 1922 
[83) 
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CATALOG OF SPECIES OF EIMERIA 
Following each species (listed alphabetically) is the name of the in-
dividual or individuals who described the species, together with the year 
of publication. The citations will be found at the end of the article. Where 
an author published more than one pertinent article in a single year, the 
papers are designated as (a), (b), etc. Next is given the size of the oocyst 
measured in microns, (R) designating range of size and (M) the mean. 
Next follows the scientific name of the host, and the common name, when 
known. 
Eimeria awnthodactyli (Phisalix, 1930). (M) 31.5 x 21. 
In Acanthodactylus scutellatus, Fringe-toed lizard. 
E. acervulina Tyzzer, 1929. (R) 17.7-20.2 x 13.7-16.3. (M) 19.5 x 14.3. 
In Gallus d.omesticus, Domestic fowl and Colinus virginianus vir-
giniantis, Bobwhite. 
E. aemula Yakimoff, 1931 (a). (R) 20.4-36.0 x 17.0-25.5. (M) circa 26.8 
x 20.4. 
In Ovis aries, Domestic sheep. 
E. agamae (Laveran & Pettit, 1910). (R) 20-25 x 11-14. 
In Agama colonorum, Lizard. 
E. alburni (Stankovitch, 1920). (R) 19-20. 
In Cyprinus gobio, Whitefish; Leticiscus rutilus, Common roach; 
and Scardinius erythrophthalmus, Red roach. 
E. amarali Pinto, 1928 (a). 
In Bothrops neuwiedii, Snake. 
E. atnguillae Leger & Hollande, 1922. (M) 10. 
In Anguilla vulgaris, Eel. 
E. anseris Kotlan, 1932. (R) 11-16; 22. 
In Anser anser, Goose. 
E. arctomysi Galli-Valerio, 1931. (M) 24 x 20. 
In Arctomys marmota, Marmot. 
E. arloigni (Marotel, 1905). (M) 25 x 17. 
In Capra hircus, Domestic goat. 
E. arnaldoi Pinto & Maciel, 1929. (R) 30 x 14-15. 
In Tamnodyn.astes strigilis, Snake. 
E. arvicolae (Galli-Valerio, 1905). (R) 14-18 x 14-18. 
In Arvicola nivalis, Fieldmouse. 
E. avium (Rivolta, 1878). 
In Gallus d.omestictis, Domestic fowl; and other birds. 
E. azerbaidjhanaica Yakimoff, 1933. (M) 45.0 x 21.6. 
In Buff elus bubalus, Buffalo. 
E. beachi Yakimoff & Rastegai:eff, 1931. (R) 12.75-22.10. (M) 16.79. 
In Gallus domesticiis, Domestic fowl. 
E. beauchampi• Leger & Duboscq, 1917. 
In Glossobalanus minutus. 
E. beecheyi Henry, 1932. (R) 16.0-22.4 x 12.8-10.2 (sic). (M) 19.2 x 16.0. 
In Citellus be.echeyi, Ground squirrel. 
E. belawini Yakimoff, 1929 (b). M) 12.21 x 12.21. 
In Hyla arborea, Frog. 
E. bigemina (Labbe, 1896). (R) 27-28 (Yakimoff, 1929 a). 
In Ammodytes tobiamus, Sand eel. 
E. bilamellata Henry, 1932. (R) 25.6-35.6 x 22.4-25.6. (M) 32.0 x 25.6. 
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In Callospernwphilus chrysf>deirus, Golden-mantled ground 
squirrel. 
E. bitis Fantham, 1932. (R) 27.9-36.4 x 17.8-24.3. 
In Bitis arietans, Puff adder. 
E. botelhoi Carini, 1932. (M) 36 x 28. 
In Guerlinguetus ingrami, Squirrel. 
E. boveroi Carini & Pinto, 1926. 
In H emidactylus mabui.a, Gecko. 
E. bracheti Gerard, 1913. (R) 23-24 x 18-19. 
In Gallits domesticus, Domestic fowl. 
E. brodeni Cerruti, 1930. (R) 18-20 x 28-32. 
In Testudo graeca, Turtle. 
E. brumpti Cauchemez, 1921. (R) 13-30 x 9-18. 
In Sus scrof a, Pig. 
E. bukidnonensis Tubangui, 1931. (R) 46.8-50.4 x 33.3-37.8. 
In Bos taurus, Ox. 
E. butkai Causey, 1926. 
In Homo sapiens, Man. 
E. callospermophili Henry, 1932. (R) 16.0-22.4 x 16.0-22.4 (sic). (M) 
19.2 x 16.0. 
In Callospermophilus chrysodeirus, Golden-mantled ground 
squirrel. 
E. canis Wenyon, 1923. (R) 18-45 x 11-28. 
In Canis f amili.aris, Dog. 
E. canna Triffitt, 1924. (R) 23.5-34 x 16.5-20. 
In Orias canna, Eland. 
E. capreoli Galli-Valerio, 1927. (M) 24 x 13. 
In Cervus capreolus, Roe (Deer). 
E. carinii Pinto, 1928 (b). (R) 22-23.8. 
In Mus norvegicus, Norway rat. 
E. carpelli Leger & Stankovitch, 1921. (R) 13-14. 
In Cyprinus carpio, Carp. 
E. cati Yakimoff, 1933. (M) 20.8 x 17.1; 18 x 18. 
In Felis domestica, house-cat. 
E. caucasica Yakimoff & Buewitsch, 1932. (R) 25.2-36.0 x 14.4-21.6. (M) 
32.7 x 19.0. 
In "Berghiilmern." 
E. caviae Sheather, 1924. (R) 17-25 x 13-18. 
In Gavia cobaya, Guinea pig. 
E. cerastis (Chatton, 1912). (M) 40 x 20. 
In Cerastes cornutus and Cerastes vipera, Snakes. 
E. cervi Galli-Valerio, 1927. (M) 35 x 21. 
In Cervus elaphus, Stag. 
E. citelli Kartchner & Becker, 1930. (R) 15-23 x 14-19. (M) 18.8 x 15.8. 
In Citellus tridecemlineatus, Ground squirrel. 
E. clini Fantham, 1932. (R) 13.6-17.7 x 11.8-15. 
In Cliniis superciliosus, Klip-fish. 
E. clupearum (Thelohan, 1894). (R) 18-21. 
In Clupeus harengus, Herring; Clupeus pilchardus, Sardine ; 
Engraulis encrasicholits, Anchovy; and Scomber scomber, Mackerel. 
E. cobitis Stankovitch, 1923. (R) 19-21. 
In Cobitis taeni.a, Fish. 
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E. coelopeltis ( Galli-valerio, -1926) ( V. Hoare, 1933) (M) 10.5 x 6.0. 
In Coelopeltis lacertina, Snake. 
E. wtti Gautier, 1921. (R) 10-11. 
In Cottus gobio, Bull-head. 
E. cristalloides (Thelohan, 1894). (R) 20-25. 
In M-0teUa fusca, M. maculata, and M. tricirrata, Fish. 
E. crotalae Phisalix, 1919. (M) 32 x 22. 
In Crotalus t.errijicus, Rattlesnake. 
E. cruciata Thelohan, 1892. (M) 25 x 25. 
In Caranx trachurus, Horse mackerel. 
E. cuniculi (Rivolta, 1878). 
In Lepus cuniculus, Rabbit. 
E. cylindrica Wilson, 1931. (R) 19.4-26.8 x 11.9-14.9. (M) 23.3 x 13.3. 
In Bos taurus, Ox. 
E. cylindrospora Stankovitch, 1921. (R) 10-11. 
In Alburnus lucidus, Fish. 
E. cynomysis Andrews, 1928. (R) 33-37 x 28-32. (M) 35.36 x 30.04.· 
In Cynomysis ludovicianus, Prairie dog. 
E. cyprini Plehn, 1924. (M) 9 (Yakimoff 1929 a). 
In Cyprinus carpio, Carp ; and Tinro vulgaris, Tench. 
E. cyprinorum Stankovitch, 1921. (R) 12-13. 
In Barbus fluviatilis, Leuciscus r1ttilus, Phoxinus laevis, a.nd 
Scardinius erythrophtalmus, Fish. 
E. cystis-fellooe Debaisieux, 1914. (R) 30-38 x 20-25. 
In Tropidonotus natrix, Snake. 
E. debliecki Douwes, 1921. (M) 24 x 18. 
In Sus scrof a, Pig. 
E. delagei (Labbe, 1893) (a). (R) 20-22 x 16-17. 
In Cistudo curopaea, Box tortoise. 
E. dispersa Tyzzer, 1929. (R) 17.16-26.4 x 15.44-22.44. (M) 22.75 x 18.84. 
In Colinus virginianus virginianus, Bob-white; and Phasianw 
colchicus torquatus, Ring-necked pheasant. 
E. dispersa (slow develeoping variety) Tyzzer, 1929. (R) 19.8-27.06 x 
16.5-20.46. (M) 23.89 x 18.05. 
In Colinus virginianus virginianus, Bob-white. 
E. dukei Lavier, 1927 (R) spherical form 20-24. (R) oval form 23-25 x 
18.5-22. 
In Nyctinomus pumi'lus, Bat. 
E. ekdysios Triffitt, 1928. (R) 19-40 x 12-25. 
In Tachypodoiulus niger, Millipede. 
E. elegans Yakimoff, Gousseff & Rastega'ieff, 1932. (R) 23.4-37.8 x 18.0-23.4. 
(M) 34.2 x 19.8. 
In Gazella subgutturosa, Persian gazelle. 
E. ellipsoidalis Becker & Frye, 1929. (R) 20-26 x 13-17. ('M) 23.4 x 15.9. 
In Bos taunts, Ox. 
E. epidermica• Leger & Duboscq, 1917. 
In Glossobalanus minutus. 
E. escomeli• Rastegai'eff, 1930. (M) oval form 20.7 x 17.1. (M) round 
form 18.0. 
In Myrmewphaga trigaetyla, Ant-eater. 
E. falciformis (Eimer, 1870). (M) 26 x 16 (Rastega'ieff, 1930). 
In Mus musculus, Mouse. 
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E. falcifonnis var. criceti Noller, 1920. (R) 18-22 x 11. 
In Cricetus cricetus, Hamster. 
E. faurei (Moussu & Marotel, 1901). (R) 30-40 x 18-26. 
In Ovis aries and 0. musimon, Sheep. 
E. felina Nieschulz, 1924. (R) 21-26 x 13-17. (M) 24 x 14.5. 
In Felis domestica, Domestic cat; and Felis lea, Lion. 
E. furonis Hoare, 1927. (R) 11.2-14.4 x 10.4-12.8. (M) 12.8 x 12.0. 
In Putorius putorius var. furo, Ferret. 
E. gadi Fiebiger, 1913. (R) 26-28 Yakimoff, 1929 a). 
In Gadus aeglefinns, G. morrhua, and G. virens, Fish. 
E. galli-valerioi Rastegaieff, 1930. (R) 16.20-22.75 x 10.8-14.4. 
In Cervus elaphus, Stag. 
E. galouzoi Yakimoff & Rastegaieff, 1930 (a). (R) 19.8-21.0. (M) 20.4. 
In Capra h.ircus, Domestic goat. 
E. gasterostei (Thelohan, 1890). (R) 16-18. 
In Gasterosteus clupeaftts, Fish. 
E. gekkonis Tanabe, 1928. 
In Gekko japonicus, Gecko. 
E. geomydis Skidmore, 1929. (R) 11.6-14.9 x 11.6-13.3. (M) 13.3 x 12.5. 
In Geomys bursariu.s, Pocket gopher. 
E. gigantea Labbe, 1894 (a). (M) 70 x 40 (Labbe, 1896). 
In Lamna cornubica, Shark. 
E. globosa (Labbe, 1893) (c). (R) 16-24. 
In Gallus domesticus, Domestic fowl. 
• E. gobii Fantham, 1932. (R) 16.8-20.8 x 12.8-16. 
In Gobius nudiceps, Dikkop (Fish). 
E. grobbeni Rudovsky, 1925. 
In Salamandra atra, Salamander. 
E. gubleri (Guiart, 1922). 
In 1/ omo sapiens, Man. 
E. hagenmuUeri Leger, 1898. 
In Stigmatogaster gracilis, Myriapod. 
E. h.artmanni• Rastegaieff, 1930. (M) 22.75 x 14.4. 
In Felis tigris, Tiger. 
E. hegneri Rastegaieff, 1930. (R) 16.2-18.0 x 10.8-14.4. 
In Cervus canadensis, Wapiti. 
E. hessei Lavier, 1924. (R) 16-20. 
In Rhinolophus hipposideros, Bat. 
E. hirsuta Schneider, 1887. (M) 25 (Labbe, 1899). 
In Gyrm1is natator, Whirligig beetle. 
E. hominis~ (Rivolta, 1877). 
In Homo sapiens, Man. 
E. hyalina (Leger, 1898). 
In Coleopt.era gen. T, Beetle. 
E. ictidea Hoare, 1927. (R) 18.4-27.2 x 12.8-20.8. (M) 23.6 x 17.5. 
In Putorius putorius var. furo, Ferret. 
E. intricata Spiegl, 1925. (M) 45.6 x 33.0. 
In Ovis aries, Sheep. 
E. irresidua Kessel & Jankiewicz, 1931. (M) 38.3 x 25.6. 
In Lepus cuniculus, Rabbit. 
E. jaUnat Perroncito, 1901. 
In Sus scrof a, Pig. 
88 NORMAN D. LEVINE AND E. R. BECKER 
E. jalinat (Krediet, 1921). 
In Sus scr.of a, Pig. 
E. johnsoni Yakimoff & Rastega'ieff, 1931. (R) 15.93-27.50 x 14.20-20.40. 
(M) 21.89 x 17.80. 
In Gallus d.omesticus, Domestic fowl. 
E. kermorganti (Simond, 1901) (a). 
In Gattiialis gangeticus, Gavia!. 
E. Zabbeana Pinto, 1928 (c). (R) 16-18. 
In Columba liviia, Domestic pigeon. 
E. Zaoazei (Labbe, 1895). (R) 35-40 x 30-35. 
In Lith.obius f orfioatus, Centipede. 
E. Zagopodi Galli-Valerio, 1929. (M) 24 x 15. 
In Lagopus mutu.s, Ptarmigan. 
E. legeri (Simond, 1901) (b). 
In Emyda granosa, Soft tortoise. 
E. legerii (Stankovitch, 1920). (M) 10. 
In Alburnus brama, Bream; A. lucidus, Small Bleak; and Soor-
dinius erythrophtalmus, Red roach. 
E. lep.oris Nieschulz, 1923. (R) 26-38 x 13-20. (M) 32 x 16. 
In Lepus timidus, Alpine hare. 
E . leptodactyli Carini, 1931 (a). (M) 20 x 17. 
In Leptodactylus ocellatus, Frog. 
E. lucida (Labbe, 1893). (R) 10-11. 
In Aoanthiias vulgaris, Spiny dog-fish; Mustellus vulgaris, Shark; 
and Scyllium catulus, Dog-fish. 
E. lyruri Galli-Valerio, 1927. (R) 24-27 x 15. 
In Lyrurus tetrix, Black grouse. 
E. macropodis. Wenyon & Scott, 1925. (R) 22-34 x 10-17. 
In Macropus bennettii, Bennett's wallaby. 
E. magna Perard, 1925. (M) 35 x 24. 
In Lepus cuniculus, Domestic rabbit; and L. oalifornicus, Jack 
Rabbit. 
E. marmotae Galli-Valerio, 1923. (M) 51 x 42. 
In Arct.omys marmota, Marmot. 
E. maxima Tyzzer, 1929. (R) 21.5-42.5 x 16.5-29.8. (M) 29.3 x 22.6. 
In Gallus dmnesticus, Domestic fowl. 
E. media Kessel & Jankiewicz, 1931. (M) 31.2 x 18.5. 
In L epus cuniculus, Domestic rabbit, and L. californicus, Jack 
rabbit. 
E. meleagridis Tyzzer, 1927. (R) 19.14-29.7 x 14.52-23.1. (M) 23.79 x 
17 .33 ( Tyzzer, 1929). 
In Meleagris mexicana, Domesticated turkey. 
E. meleagrimitis, Tyzzer, 1929. (R) 16.5-20.46 x 13.2-17.23. (M) 18.12 x 
15.28. 
In M.eleagris mexioana, Domesticated turkey. 
E. melis Kot]an & Pospesch, 1933. (R) 17-24 x 13-17. (M) 19 x 21. 
In Meles taxus, Badger. 
E. mephitidis Andrews, 1928. (R) 17-25 x 16-22. (M) 20.68 x 19.24. 
In Mephitis mephitica, Skunk. 
E. mesnili Rastega'ieff, 1930. (R) 18.0 x 10.8-16.2. 
In Canis lagopus, Blue fox. 
E. metchnikovi (Laveran, 1897). (R) 20-25. 
In Gobio fluvwtilis, Gudgeon (Fish). 
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E. minuta Thelohan, 1892. (R) 9-10. 
In Tinca vulgaris, Tench. 
E. misgurni Stankovitch, 1923. (R) 15-16. 
In Cobitis taenia, Spiny loach; and Misgurnus f ossilis, Loach. 
E. mitis Tyzzer, 1929 (R) 14.3-19.6 x 13.0-17.0. (M) 16.2 x 15.5. 
In Gallus domesticus, Domestic fowl. 
E. mitraria (Laveran & Mesnil, 1902) (a). (R) 10-15. 
In Damonia reevesii, Terrapin. 
E. miyairii Ohira, 1912. (R) 16.2-26.4 x 13.4-21.3. (M) 22.5 x 17.8. (Becker 
et al., 1932). 
In Mus rattus, Black rat; and JI. wrvegicus, Norway rat. 
E. monacis Fish, 1930. (R) 16.8-23.2 x 15.2-21.1. (M) 19.97 x 18.26. 
In Marmota monax, Woodchuck. 
E. motellae (Labbe, 1893) (b). (R) 13-14. 
In Motella tricirrata, Fish. 
E. necatrix Johnson, 1930. (R) 13.2-22.7 x 11.3-18.3. (M) 16.7 x 14.2. 
(Tyzzer, Theiler, & Jones, 1931). 
In Gallus domesticus, Domestic fowl. 
E. neglecta Noller, 1920. (R) 9-10. 
In Rarw, esculenta, Frog. 
E. neotomae Henry, 1932. (R) 16.0-22.4 x 12.8-19.2. (M) 22.4 x 16.0. 
In N eotoma fuscipes, Wood rat. 
E. nepaett Schneider, 1887. 
In Nepa cinerea, Water scorpion. 
E. nieschulzi Dieben, 1924. 
In Mus rattus, Black rat; and J-I. norvegicus, Norway rat. 
E. nirw,e kohl-yakimov Yakimoff & Rastega!eff, 1930 (a). (R) 18.9-25.4 x 
14.4-21.0. (M) (1) 20.7 x 14.8. (2) 23.0 x 16.1. 
In Capra hircus, Domestic goat; and Ovis aries, Sheep. 
E. nolleri• Rastega!eff, 1930. (M) 18.9. 
In Coelogenus paca, Paka. 
E. nova£ Schneider, 1881. 
In Glomeris sp.1, Millipede. 
E . novo-wenyoni Rastega!eff, 1930. (R) 14.4-18.0. 
In F elis tigris, Tiger. 
E. nuda§ (Marcone, 1908). 
In Canis f amiliaris, Dog. 
E. nuttalli Yakimoff & Matikawschwili, 1932. (R) 16.5-23 x 13.2-16. (M) 
19.5 x 14. 
In Procyon lotor, Raccoon. 
E. ondatrae-zibethicae Martin, 1930. (R) 18.75-28.22 x 13.28-26.25. (M) 
22.33 x 17.97. 
In Ondatra zibethica, Muskrat. 
E . os Crouch & Becker, 1931. (R) 20-26 x 18-22. 
In Marmota monax, Woodchuck. 
E. oviform.is (Leuckart, 1879). (R) 33-37 x 15-20. 
In Lepus cuniculus, Domestic rabbit. 
E. oxyspora Dobell, 1919. (M) 36. 
In Homo sa,piens, Man. 
E. paludosa (Leger & Hesse, 1922) . (R) 14-15 x 11. 
In Fulica atra, Coot; and Gallinula chloropus, Moor-hen. 
E. parva Kotlan, Mocsy & Vajda, 1929. (R) 11.4-14.3 x 9.5-11.8. 
In Ovis aries, Sheep. 
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E. percae (Dujaric de la Riviere, 1914). 
In Perro fluviatilis, Common perch. 
E. perforans (Leuckart, 1879). (M) 22.7 x 14.2. (Kessel & Jankiewicz, 
1931). 
In Lepus cuniculus, Domestic rabbit; and L. californicus, Jack 
rabbit. 
E. perforoides Crouch & Becker, 1931. (R) 17-24 x 15-20. 
In Marnwta manax, Woodchuck. 
E. perichaetae• (Beddard, 1888). 
In Perichaeta armata and P. novae-zelandiae, Annelids. 
E. perminuta Henry, 1931. (R) 11.2-16.0 x 9.6-12.8. 
In Sus scrof a, Pig. 
E. persiro (Phisalix, 1925). (M) 31.5 x 18.9. 
In Tropidonotus natrix var. persa, Snake. 
E. pfeifferi Labbe, 1896. 
In Geophilus f erruginosus, Centipede. 
E. pfeifferi'f (Labbe, 1896). (R) 16-18. 
In Oolumba livia, Domestic pigeon. 
E. phasiani Tyzzer, 1929. (R) 19.8-26.4 x 13.2-17.82. (M) 23.04 x 15.89. 
In Phasianus colchicus torquatus, Ring-necked pheasant. 
E. pigra Leger & Bory, 1932. (R) 17-19 x 14. 
In Scardinius erythrophtalmus, Red roach. 
E. pintoi Carini, 1931 (b). (R) 30-33 x 20-22. 
In Orocodilus sp. T, Cayman. 
E. piraudi Gautier, 1921. (R) 11-13. 
In Cottus gobio, Bullhead. 
E. praecox Johnson, 1930. (R) 19.78-24.72 x 15.66-19.78. (M) 21.25 x 
17.07. (Tyzzer, Theiler, & Jones, 1931). 
In Gallus domesticus, Domestic fowl. 
E. prevoti (Laveran & Mesnil, 1902) (b). (R) 20-22 x 12-15. (usual form). 
(M) 18 x 16 (subspherical form). 
In Rana esculenta, Frog. 
E. princeps (Labbe, 1894) (a). 
In Lepus cuniculus, Rabbit. 
E. propria (Schneider, 1881). (R) 30-36 x 21-30. 
In Molge cristata, M. palmata, and M. punctata, Newts. 
E. pylori (Gebhardt, 1897). 
In Rana sp. ?, Frog. 
E. pythonis Triffitt, 1925. (R) 17-36 x 11.5-21. (M) 27 x 16. 
In Python sebae and P. molurus, Pythons. 
E. raillieti (Leger, 1899). (M) 18. 
In Anguis fragilis, Blindworm. 
E. ranae Dobell, 1908. (M) 22 x 18. 
In Rana sp. T, Frog. 
E. ranarttm (Labbe, 1894) (b). (M) 17 x 12. 
In Rana esculenta, Frog. 
E. residua Henry, 1932. (R) 22.4-28.8 x 19.2-25.6. (M) 25.6 x 22.4. 
In N wtorna fuscipes, Wood rat. 
E. rivierei Yakimoff, 1929 (a). (R) 14-16.8 (Round form). (R) 11.55-
15.4 x 7-13.3 (Oval form). 
In Perro fluviatilis, Perch. 
E. rocha-limai Carini & Pinto, 1926. 
In H emidactylus mabuia, Gecko. 
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E. roscoviMS'is (Labbe, 1893) ( d ) . (R) 16-18 x 14-16. 
In Charadrius cantia:nus, C. philippinus, Strepsilas i11,terpre.s, 
N umenius phaeopus, Pluvialis apricarius, Totanus calidris, Cali. 
dris arenaria, Pelidna torquata, Tringa alpina, Actitis hypoZtucos, 
Phalacrocorax cristatus, and Motaci1la alba, Birds. 
E. rouxi Elmassian, 1909. (M) 10. 
In Tinca vulgaris, Tench. 
E. rupicaprae Galli-Valerio, 1923. (M) 21 x 16.5. 
In Capella rupicapra, Chamois. 
E. sa'lamandrae (Steinhaus, 1889). 
In Salanian<lra rnaculosa. Salamander. 
E. salamandrae-atrae (Phisalix, 1927). (M) 27.5 x 23. 
In Salama:ndra atra, Salamander. 
E. sardi11ae (Thelohan, 1890). (M) 50. 
In Clupetts pilchardus, Sardine. 
E. scabra Henry, 1931. (R) 22.4-35.6 x 16.0-25.6. 
In Sus scrofa, Pig. 
E. scapani Henry, 1932. (R) 16.0-22.4 x 14.4-16. (M) 19.2 x 16.0. 
In Scapanus latimanus, Mole. 
E. schaudinniana Pinto, 1928 (c). 
In Lithobius f orficatus, Centipede. 
E. schneideri Biitschli, 1882. 
In Lithobius forficatus, Centipede. 
E. schubergi (Labbe, 1896) . (M) 26 x 16. 
In Mus musculus, Mouse. 
E . schubergi:I: Schaudinn, 1900. 
In Lithobitis f orficatus, Centipede. 
E. scinci (Phisalix, 1923). (M) 36 x 25. 
In Scincus officinalis, Skink. 
E. sciurorum Galli-Valerio, 1922. (M) 24 x 15. 
In Sciurus vulgaris and N eosciurus carolinensis, Squirrels. 
E. scyllii (Drago, 1902). 
In Scyllium sp. T, Dog-fish. 
E. separata Becker & Hall, 1931. (R) 13.1-23.8 x 11.4-18. (M) 18.0 x 14.6. 
In Mus norvegicus, Norway rat, wild and albino. 
E. sibirica Yakimoff & Terwinsky, 1931. (R) 21.25-27.62 x 17.0-21.25. 
(M) 24.25 x 19.45. 
In Martes zibellina, Sable. 
E. simondi (Leger, 1898). 
In Jlimantarimn gabrielis, Myriapod. 
E. smithi Yakimoff & Galouzo, 1927. (R) 25.2-32.4 x 19.8-28.8. (M) 31.5 
x 21.6. 
In BC>s taurus, Ox; and Bison bison, Bison. 
E . snijdersi Dobell, 1920. (R) 40-48. 
In JI omo sa.piens, Man. 
E. soricinae Galli-Valerio, 1927. (M) 50 x 30. 
In Sorex viilga.ris, Shrew. 
E. soricis Henry, 1932. (R) 19.2-22.4 x 12.8-14.4. (M) 19.2 x 14.4. 
In Sorex calif ornicus, Shrew. 
E. soufiae Stankovitch, 1921. (R) 17-18. 
In Squalius agassizii, Fish. 
E. southwelli Halawani, 1929. (M) 38 x 12. 
In Aetobatis narinari, Devil-fish. 
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E. sp. (Eimer, 1870). 
In Lacerta sp. ?, Lizard. 
E. sp. Grassi, 1888. (R) 14-15 (Wenyon, 1926). 
In Corcmella austriaca, Snake. 
E. sp. Henry, 1932. (R) 22.4-32.0 x 16.0-19.2. (M) 28.8 x 19.2. 
In Sciuru.s griseus griseus, Gray squirrel. 
E. sp. Rubino & Fuentes, 1926. 
In Jlonw sapiens, Man. 
E. sp. Sheather, 1923. (R) 21-25 x 12-16. 
In Sciurus sp., Squirrel. 
E. sp. Visentini, 1914. 
In Tal-pa euro-paea, Mole. 
E. spkerica (A. Schneider, 1887)-[According to Phisalix (1933) ]. 
In Molge cristata, M. -palmata, M. punctata, Newts. 
E. spinosa Henry, 1931. (R) 16.0-22.4 x 12.8-16.0. 
In Sus scrof a, Pig. 
E. stankovitcki Pinto, 1928 (c). 
In Alburnus brama, A. lucidus, and Scardinius erytkropktalmus, 
Fish. 
E. stiedae (Lindemann, 1865). (M) 36.9 x 19.9 (Kessel & Jankiewicz, 
1931). 
In Lepus cuniculus, Domestic rabbit; and L. californicus, Jack 
rabbit. 
E. subepitkelialis Moroff & Fiebiger, 1905. (R) 18-21. 
In Cyprinus carpio, Carp. 
E. suis (Noller, 1921). (R) 12-33 x 10-20. 
In Sus scrof a, Pig. 
E. tenella (Railliet & Lucet, 1891). (R) 19.6-26.1 x 16.3-22.8. (M) 22.6 
x 19.0 (Tyzzer, 1929). 
In Gallus domesticus, Domestic fowl; and Colinus virginianus 
virginiamus, Bobwhite. 
E. thelokani (Labbe, 1896). (R) 25-30. 
In Labrus sp. ?, Wrasse. 
E. travassosi• Da Cuhna & Muniz, 1927. 
In Dasypus sexcinctus and M1lletia hybrida, Armadillos. 
E. tritO'ltis (Labbe, 1894) (a). 
In Molge cristata, Newt. 
E. tropidonoti Guyenot, Naville & Ponse, 1922. (R) 22-24 x 12-14. 
In Tropidonotus natrix, Snake. 
E. truncata (Railliet & Lucet, 1891). (R) 20-22 x 13-16. 
In Anser anser, Domestic goose. 
E. truttae (Leger & Hesse, 1919). (R) 10-12. 
In Sal mo f ario, Salmon. 
E. tyzzeri Yakimoff & Rastegai'eff, 1931. (R) 25.2-37.8 x 18.2-26.6. (M) 
31.76 x 23.25. 
In Galliis domesticiis, Domestic fowl. 
E. urnula Hoare, 1933. (R) 17.6-23.2 x 12.8-13.6. 
In Phalacrocorax carbo lugubris, Cormorant. 
E. utinensis Selan & Vittorio, 1924. 
In Equus caballus, Horse. 
E . variabilis (Thelohan, 1894). (R) 15-20. 
In Anguilla vulgaris, Cotfos bttbalis, Crcnilabnis melops, Gobius 
bicolor, and Lepadogast.er gouani, Fish. 
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E. viridis (Labbe, 1893) (c). 
In Rhinolophus fer-equinum, Bat. 
E. volgensis Sassuchin & Rauschenbach, 1932. (R) 23.2-31.9 x 17.4-27.6. 
(M) 27.2 x 21.9. 
In Citellus pygmaeus, Ground squirrel. 
E. vulpis Galli-Valerio, 1929. (M) 17 x 14. 
In Vulpes vulpes, Fox. 
E. wassilewslcyi Rastega'ieff, 1930. (M) 18.0 x 14.4. 
In Cervus axis, Spotted deer. 
E . wenyoni Dobell, 1919. (M) 20. 
In H onw sapiens, Man. 
E. wierzejski Hofer, 1904. (R) 11-12 (Yakimoff, 1929 a) . 
In Cyprinus carpio, Carp. 
E. yakinwvi Rastega'ieff, 1930. (R) 32.4-41.4 x 21.6-28.8. 
In Boselaphus tragocamelus, Antelope. 
E . zamensis Phisalix, 1921. (R) 28-30 x 15-18. 
In Zamensis sp.1, Snake. 
E. zurnabadensis Yakimoff, 1931 (b). (R) 25.2-43.2 x 18.0-32.4. (M) 
34.1 x 25.0. 
In Bibos indicus, Zebu. 
E. zurnii (Rivolta, 1878). (R) 15.3-19.1 x 15.3-19.1. (M) 17.1 x 17.1. 
(Yakimoff & Galouzo, 1927). 
In Bos taurus and other Oxen; and Cervus canadensis, Wapiti. 
----
* Genus (t). 
*Homonym 
if Nomcn 1llUdlwm. (see Wenyon, 1926, p. 819). 
t Removed to genus Blastocystis (see Wenyon, 1926). 
tt Removed to genus Barrouxia (see Wenyon, 1926). 
£Removed to genus Legerella (see Wenyon, 1926). 
§Found in skin; probably not Eimeria. 
HOST-INDEX FOR THE GENUS EIMERIA 
HOST 
Phylum-Annelida 
Perichaeta armata 
P ericha.eta novae-z.elailldiae 
Phylum-Arthropoda 
Class-Myriapoda 
Geophilus f errttginosus-Centipede 
Glomeris sp t- Millipede 
Himantai·ittm gabrielis 
Lithobius forficatus-Centipede 
Stigmato,qaster gracilis 
Tachypodoittlus niger-Millipede 
Class- lnsecta 
Coleoptera. Genus T- Beetle 
Gyriwus natator- Whirligig beetle 
SPECIES OF EIMERIA 
perichaetae (Beddard, 1888) 
perichaetae (Beddard, 1888) 
pfeifferi Labbe, 1896 
nova Schneider, 1881 
sim.ondi (Leger, 1898) 
laoazt?i. (Labbe, 1895) 
schattdinniana Pinto, 1928 
schneideri Biitschli, 1882 
sclmbergi Schaudinn, 1900 
hagewmiilleri Leger, 1898 
ekdysios Triffitt, 1928 
hyalina (Leger, 1898) 
hirm ta Schneider, 1887 
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Nepa cinerea--Water scorpion 
Phylum-Chordata 
Sub-phylum Enteropneusta 
Glossobala.71!ltS mi711lttus 
Bub-phylum Vertebrata 
Class-Elasmo branchii 
Acanthias tmlgaris-Spiny dog-fish 
Aiitobatis narinari-Nari-nari 
Lamna oornubica-Shark 
Mtistell1is vu.lgaris-Shark 
Scyllitum spf-Dog-fish 
Scyllitum oatulus-Dog-fish 
Class-Pisces 
Albwrnu.s brama-Bream 
Alb·urnus lucidus-Small bleak 
Ammodytes tobianus-Sand eel 
Angu-iUa vulgaris-Eel 
Barbu.s fluviatilis 
<Jara'111.1: traohwrus-Horse mackerel 
Cliiius superoiliosus-Klip-fish 
Clupeus harcngus-Herring 
Clupeus pilchardus-Sardine 
Cobitis tae-n.ia-Spiny loach 
Cottus bubalis 
Cottus gobio-Bullhead 
Crenilabrus melops 
Cyprinus oarpio-Carp 
Cyprinus gobio-Whitefish 
Engraulis encrasicholus-Anchovy 
Gadu.s aeglefi'TllnS 
Gadus morr7tua--Stockfish 
Gadu8 1!iren& 
Gasterosteus clupeatus 
Gobio fliwiatilis-Gudgeon 
Gobius bicolor 
Gobius wudiceps-Dikkop 
Labrus sp. 7-Wrasse 
Lepadogaster gouani 
Leuciscus rutilus--Common roach 
M isgurnw f ossilis-Loach 
Motella fU8oa 
Motella maculata 
Motella trioirrata 
Perea fliwiatiUs--Common perch 
Pht>xinus lae11is 
Salmo /ario--Salmon 
Soardinius erythrophtalmus-Red roach 
nepae Schneider, 1887 
beauchampi Leger & Duboscq, 1917 
epidermioa Leger & Duboscq, 1917 
lucida (Labbe, 1893) 
sc;uthwelli Halawani, 1929 
gigantea Labbe, 1894 
luoida (Labbe, 1893) 
scyllu (Drago, 1902) 
lucida (Labbe, 1893) 
legeri (Stankovitch, 1920) 
stankovitohi Pinto, 1928 
cylindrospora Stankovitch, 1921 
legeri (Stankovitch, 1920) 
.~tankovitchi Pinto, 1928 
bigemina (Labbe, 1896) 
angttillae Leger & Hollande, 1922 
variabi.lis (TMlohan, 1894) 
CIJpriiiorwm Stankovitch, 1921 
oruoiata Thelohan, 1892 
clini Fantham, 1932 
cl11pearum (TMlohan, 1894) 
clupearum ( Thelohan, 1894) 
sardinae (Thelohan, 1890) 
oobitis Stankovitch, 1923 
misgurni Stankovitch, 192.3 
1!ariabili.s ( TMlohan, 1894) 
cotti Gautier, 1921 
piraudi Gautier, 1921 
1!ariabilis ( Thelohan, 1894) 
oarpelli Leger & Stankovitch, 1921 
oyprini Plehn, 1924 
subepithelialis M:oro:ff & Fiebiger, 1905 
wierzejski Hofer, 1904 
albwrni (Stankovitch, 1920) 
clupearum (Thelohan, 1894) 
gadi Fiebiger, 1913 
gadi Fiebiger, 1913 
gadi Fiebiger, 1913 
gasterostei (Thelohan, 1890) 
metchnikovi (Laveran, 1897) 
tiariabilis (Thelohan, 1894) 
gobii Fentham, 1932 
thelohani (Labbe, 1896) 
tiariabilis (Thelohan, 1894) 
albwrni (Stankovitch, 1920) 
cyprinorum Stankovitch, 1921 
misgurni Stankovitch, 1923 
cristalloides ( Thelohan, 1894) 
cristalloides (Thelohan, 1894) 
cristalloides ( TM!ohan, 1894) 
motellae (Labbe, 1893) 
peroae (Dujaric de la Riviere, 1914) 
'IW«irei Yakimo:ff, 1929 
cyprinorum Stankovitch, 1921 
truttae (Leger & Hesse, 1919) 
albivrni (Stankovitch, 1920) 
cyprinorwm Stankovitch, 1921 
legeri (Stankovitch, 1920) 
pigra Leger & Bory, 1932 
stank&vitchi Pinto, 1928 
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8e-0mber soomber-Mackerel 
Squalius agassizii 
Tine.a 11ulgaris-Tench 
Class-Alnphibia 
Hyla arborear-Frog 
Lept<>dactylWJ ocellatm-Frog 
Molge cristatar-Newt 
Molge palmata-Newt 
Molge p-unctatar-Newt 
Molge taeniatar-Newt 
:Rana sp. t-Frog 
:Rana esc-ulenta-Frog 
Salamandra atra--Salamander 
Salamandra mac-ulosa--Salamander 
Class-Reptilia 
Order--Testudinata 
Cistudo europaear-Box tortoise 
Damonia 1·ee11esii--Terrapin 
Emyila granosa-Soft tortoise 
Testudo graeoa--
Order Crocodilini 
Crocodilus sp. t--Oayman 
Ga-!Mlis gangeticus-Gavial 
Order Squamata 
Acanthollactylus sc-utellatus-
Fringe-toed lizard 
Agama colonorum-Lizard 
A ngwis fragi.lis- Blindworm 
Bitis arietans-Pu:tf adder 
Bothrops neuwiedii-Snake 
Cerastes e-0rnutus--Snake 
Cerastes 11ipera-Snake 
Ooelopelt'8 Zacerl~Snake 
CO'l'onella austriaca--Snake 
Crotalus terrifious-Rattlesnake 
Gekko japonicus-Gecko 
Hemiilactylus mab~cko 
Lacerta ep. !-Lizard 
Python sebae--Python 
Pytho-n molurus-Python 
Smnous offi~lis-Skink 
Tamnodynastes atrigili.t-Snake 
Troj;ridcnotus natrui-Bnake 
Tropido-notus ootri:z: var. persa-Bnake 
Zamensis sp.!--Snake 
Class-Aves 
'' Berghiihnem'' 
..4.ctitis hypo"leucos 
..4. n.ser an.ser-Goose 
CaUdri.s arenaria 
Charaarius oantianus 
Charaarius phi.lipi;riMM 
Coli111Us cirgimanus cir~-
clupearum (Thelohan, 1894) 
soufiae Stankovitch, 1921 
cyprini. Plehn, 1924 
mi.nuta ThClohan, 1892 
rOUX'i Elmassian, 1909 
belawiriti Yakimoff, 1929 
leptollactyli Carini, 1931 
propria Schneider, 1881 
tritonis Labbe, 1894 
propria (Schneider, 1881) 
propria (Schneider, 1881) 
propria (Schneider, 1881) 
pylori (Gebhardt, 1897) 
ranae Dobell, 1908 
neglecta Noller, 1920 
prevoH (Laveran & Mesnil, 1902) 
ranarum (Labbe, 1894) 
grobbeni Rudovsky, 1925 
salamandrae atrae (Phisalix, 1927) 
salamandrae (Steinhaus, 1889) 
delagei (LabM, 1893) 
mitraria (Laveran & Meenil, 1902) 
legeri (Simond, 1901) 
brodeni Cerruti, 1930 
pintoi Carini, 1931 
kermorganti. (Simond, 1901) 
acanthollactyli. (Phisalix, 1930) 
agamae (Laveran & Pettit, 1910) 
raillieti (Leger, 1899) 
bi.tis Fantham, 1932 
amarali Pinto, 1928 
oerastis (Chatton, 1912) 
oerastis (Chatton, 1912) 
ooelopelt'8 (Galli-Valerio, 1926) 
ep. Grassi, 1888 
orotalae Phisalix, 1919 
gekkonis Tanabe, 1928 
b01!eroi. Carini & Pinto, 1926 
rooha-li.mai (Carini & Pinto, 1926) 
sp. (Eimer, 1870) 
pythonis Triffitt, 1925 
pythonis Triffitt, 1925 
scinci (Phisalix, 1923) 
M'llaldoi. Pinto & Maciel, 1929 
cysti.s-felleae Debaisieux, 1914 
tropidonoti Guyenot, N aville & Ponse, 
1922 
persioa (Phisalix, 1925) 
eamen..ris Phisalix, 1921 
oaucasioa Yakimo:lf & Buewitseh, 1932 
r0&oomen..ris (LabM, 1893) 
an.sens Kotlan, 1932 
truMata (Railliet & Lucet, 1891) 
roa001!'iensi.s (Labbe, 1893) 
ros0011ie118is (LabM, 1893) 
roaco11ien.si.s (Labbe, 1893) 
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Columba lfoia- Domestic pigeon 
F1tlica atra--Ooot 
Gallinula chloropus-Moor-hen 
Gallus domesticus-Domestic fowl 
Lagopus mutus-Ptarmigan 
Lyrwrus tetrix-Black grouse 
Meleagris mexioana-Domesticated 
Turkey 
Motacilla alba 
Nume1!Ml8 phaeopus 
PelidM torquata 
Phalacrooorax carbo lugubris-
Cormorant 
Phalacrocorax cristatus 
Phasianus oolchious torquatus-
Ring-necked pheasant 
Pluvialis aprioari-us 
Strepsi.las interpres 
Totamus calidris 
Tringa alpiM 
Class-Mammalia 
Sub-class- Eutheria 
Division-Didelphia 
Order--Marsupialia 
M acropus b ennettii--Bennett 's wallaby 
Division- Monodelphia 
Section-Unguiculata 
Order-Insectivore. 
Sca,panus latimanus-Mole 
Sorex oaUfornicus-Shrew 
Sorex 'VUlgaris- Shrew 
Talpa europaea--Mole 
Order-Chiroptera 
Rhinolophus f er-equinum- Bat 
Rhinolopl111tS hipposioderos- Bat 
Nyctinomus pumilus- Bat 
Order-Carni vora 
Canis familiaris-Dog 
Ca'lllis lagopus-Blue fox 
Felis domestica--House cat 
Felis leo-Lion 
Felis tigris-Tiger 
Martes zibellina-Sable 
aoer'VuliM Tyzzer, 1929 
dispersa Tyzzer, 1929 
cUspersa (slow-developing variety) 
Tyzzer, 1929 
t enella (Railliet & Lucet, 1891) 
labbea11a Pinto, 1928 
pfeifferi (Labbe, 1896) 
paludosa (Leger & Hesse, 1922) 
paludosa (Leger & Hesse, 1922) 
acer'VUliM Tyzzer, 1929 
avium (Rivolta, 1878) 
beachi Yakimoff & Rastegaieff, 1931 
bracheti Gerard, 1913 
globosa (Labbe, 1893) 
john.semi Yakimoff & Rastegaie1l', 1931 
maxima Tyzzer, 1929 
mitis Tyzzer, 1929 
necatria; Johnson, 1930 
praecox Johnson, 1930 
tenella (Railliet & Lucet, 1891) 
tyzzeri Yakimoff & Rastegaie1l', 1931 
lagopod' Galli-Valerio, 1929 · 
lyruri Galli-Valerio, 1927 
meleagridis Tyzzer, 1927 
meleagrimitis Tyzzer, 1929 
ros001Jiensis (Labbe, 1893) 
ros001Jien.sis (Labbe, 1893) 
rosco'VieMis (Labbe, 1893) 
urnula Hoare, 1933 
roscotMnsis (Labbe, 1893) 
dispersa Tyzzer, 1929 
phasiam Tyzzer, 1929 
rosco'Viensis (Labbe, 1893) 
roscoviensis (Labbe, 1893) 
rosco'Viensis (Labbe, 1893) 
roscoviensis (Labbe, 1893) 
macropodis Wenyon & Scott, 1925 
scapail4 Henry, 1932 
soricis Henry, 1932 
soricinae Galli-Valerio, 1927 
sp. Visentini, 1914 
'Viridis (Labbe, 1893) 
hessei Lavier, 1924 
dukei Lavier, 1927 
canis Wenyon, 1923 
nuda (Marcone, 1908) 
mesnili Rastega'ieff, 1930 
f eliM Nieschulz, 1924 
caU Yakimoff, 1933 
feliM Nieschulz, 1924 
hartmanni Rastega'ieff, 1930 
no'Vo-wenycmi Rastegai'eff, 1930 
sibirica Yakimoff ·& Terwinsky, 1931 
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Meles taxus-Badger 
Mephitis h'lldsonica-Skunk 
M ephitis mephitiro---Skunk 
Procyon Zotor-Raccoon 
Putori1/,s put<>'l'iiu8 var. furo-Ferret 
Vulpes 1!Ulpes-Fox 
Order-Rodentia 
.Arotomys marmota-Marmot 
.A r1!ioola """1alis-Fieldmouse 
Callospermophilu.s chrysodeinNl-
Golden mantled ground squirrel 
Ca1!ia aperea-Wild guinea pig 
C<Wia oobaya-Guinea pig 
Citellus beecheyi-Ground squirrel 
Citellus pygmaeu.s-Ground squirrel 
Citellus trideoemlineatus-
Ground squirrel 
Cricetus cricetus-Hamster 
Cynomysis lud01Jioianus-Prairie dog 
Ge<m1ys bursarius-Pocket gopher 
Guerlinguetu,y ingram~uirrel 
Lepus cal'fornicus-Jack rabbit 
Lepus cuniculus-Domeatic rabbit 
Lepus timidus-Alpine hare 
Ma.rmota monax-Woodchuck 
M11& m113culus-Mouse 
M11& nor1!egicus-Norway rat 
M11& rattus-Black rat 
N eosciurus caro!inensis-
Carolina squirrel 
Neotoma fuscipes-Wood rat 
Ondatra zibethica-Muskrat 
Sciurus sp. 7--8quirrel 
Bciuni.s griseus griseus-Gray squirrel 
Bciurus 1!Ulgaris--8quirrel 
Bciurus vulgaris var. a!piM--Squirrel 
Order-Edenta ta 
Dasypus sexcinctus-Six-banded 
armadillo 
Myrmecophaga trigaetyla-Ant-eater 
Muletia hybrida-Armadillo 
Section- Prim.ates 
Order--Primates 
melis Kotlan & Pospesch, 1933 
mephitidis Andrews, 1928 
mephitidis Andrews, 1928 
nuttall\ Yakimo:ft' & Matikawschwili, 1932 
furonis Hoare, 1927 
ktidea Hoare, 1927 
1!ulpis Galli-Valerio, 1929 
arctomysi Galli-Valerio, 1931 
marmotae Galli-Valerio, 1923 
ar1J'i.colae (Galli-Valerio, 1905) 
bilamellata Henry, 1932 
oallospermophili Henry, 1932 
oa1Jiae Sheather, 1924 
oa1Jiae Sheather, 1924 
beecheyi Henry, 1932 
oitem Kartchner & Beeker, 1930 
1!olgensis Sassuehin & Rauschenbach, 1932 
ci'telU. Kartchner & Becker, 1930 
falciformis var. criceti Noller, 1920 
cyoomysis Andrews, 1928 
geomydis Skidmore, 1929 
botelhoi Carini, 1932 
magna Perard, 1925 
media Kessel, 1929 
perforans (Leuckart, 1879) 
stiedae (Lindemann, 1865) 
cuniculi (Rivolta, 1878) 
irresidua Kessel & J ankiewicz, 1931 
magna Perard, 1925 
media Kessel & Jankiewiez, 1931 
01Jiformis (Leuckart, 1879) 
perforans (Leuckart, 1879) 
princeps (Labbe, 1894) 
stiedae (Lindemann, 1865) 
leporis Nieschulz, 1923 
monacis-Fish, 1930 
os Crouch & Becker, 1931 
perfi0roides Crouch & Becker, 1931 
falciformis (Eimer, 1870) 
schubergi (Labbe, 1896) 
carinii Pinto, 1928 
miyairii Ohira, 1912 
nieschulzi Dieben, 1924 
separata Becker & Hall, 1931 
miyairii Ohira, 1912 
'llieschulzi Dieben, 1924 
sciurorum Galli-Valerio, 1922 
neotomae Henry, 1932 
residua Henry, 1932 
ondatrae-zibethioae Martin, 1930 
sp. Sheather, 1923 
sp. H enry, 1932 
sciurorum Galli-Valerio, 1922 
sciurorum Galli-Valerio, 1922 
tra1!assosi Da Cuhna & Muniz, 1927 
esoomeli Rastega'ie:ft', 1930 
traoossosi Da Cuhna & Muniz, 1927 
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Homo sapien&-Man 
Section-U ngulata 
Order-Artiodactyla 
Bibos Wtdict1s-Zebu 
Bison bison-Bison 
Bos twurus-Ox 
Bosel.aphus tragocamelus-Nylghai 
Capell.a rupicapra-(Thamois 
Capra hircus-Domestic goat 
CennM axis-Spotted deer 
Cervus oanadensis-Wapiti 
CeNJw oapreolus-Roe 
Cervu.s el.aphus-Stag 
Coelogenus paca-Paka: 
Dama dam.a-Deer 
Gazella subgutturosa-Persian gazelle 
Orias canna-Eland 
Ovis aries-Sheep 
Ovis mwimon-Sheep 
Sw sorofa,-I'ig 
Order--Perissodactyla 
Eqt11us oaballw-Horse 
butkai Causey, 1926 
gubleri (Guiart, 1922) 
homini.s (Rivolta, 1877) 
oxyspora Dobell, 1919 
smjdersi Dobell, 1920 
sp. Rubino & Fuentes, 1926 
wenyom Dobell, 1919 
bukidnonensis Tubangui, 1931 
elUpsoidalis Becker & Frye, 1929 
smithi Yakimoff & Galouzo, 1927 
zurnabadensis Yakimoff, 1931 
ziiroo (Rivolta, 1878) 
smithi Yakimoff & Galouzo, 1927 
bukidnonensis Tubangui, 1931 
cylindrioa Wilson, 1931 
ellipsoidalis Becker & Frye, 1929 
smithi Yakimoff & Galouzo, 1927 
zurnabadensis Yakimoff, 1931 
zurnii (Rivolta, 1878) 
yakimovi Rastega'ieff, 1930 
rupicaprae Galli-Valerio, 1923 
arloigm (Marotel, 1905) 
gawuzoi Yakimo:ff & Rastegaieff, 1930 
ninae kohl-yakimov Yakimoff & 
Rastegaieff, 1930 
wassilewsky\ Rastegaieff, 1930 
hegneri Rastegaiefl', 1930 
ziirnU (Rivolta, 1878) 
oapreoli Galli-Valerio, 1927 
cervi Galli-Valerio, 1927 
galli-valerioi Rastega'ieff, 1930 
oolleri Rastegaieff, 1930 
galli-valerio\ Rastegaiefl', 1930 
elegam Yakimo:ff, Gousseff & 
Rastegaieff, 1932 
oanna Triffitt, 1924 
aemul.a Yakimo:ff, 1931 
faurei (Moussu & Marotel, 1901) 
intrioata Spiegl, 1925 
1l!inae kohl-yakimov Yakimo:ff & 
Rastegaieff, 1930 
parva Kotlan, Mocsy & Vajda, 1929 
faurei (Moussu & Marotel, 1901) 
brwmpti Cauchemez, 1921 
debliecki Douwes, 1921 
jalina Perroncito, 1901 
jalina (Krediet, 1921) 
perminuta Henry, 1931 
scabra Henry, 1931 
spinosa Henry, 1931 
suis (Noller, 1921) 
utinemis Selan & Vittorio, 1924 
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REPORT ON THE FOOD OF FIVE OF OUR MOST 
IMPORTANT GAME DUCKS 
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Introductory note : During a period of service of about two and one-half 
years in the Biological Survey, W. F. Kubichek, not only did considerable 
field work on wild fowl but analyzed all previously unexamined gullet and 
gizzard contents then on hand of the five leading species of game ducks 
which at that time were placed in the genus Marila. Since leaving the 
Biological Survey, Mr. Kubichek has completed the reports on his work 
which are here given. 
The ducks dealt with are the redhead, canvas-back, ringneck, and the 
greater and lesser scaups. Stragglers of two old-world speceis of this 
group, the pochard and the tufted duck have been taken on the Pribilof 
Islands, Alaska, but they are unknwon to most of our hunters, no stomachs 
have been examined, and they are not reported on here.-W. L. M cAtee, 
in Charge Division of Food Habits Research, U. S. Biological Survey. 
REDHEAD 
( N yroca americana) 
The redhead also known as the American pochard and raft duck, is 
distributed throughout North America with the exception of Alaska. Its 
principal breeding range is the central and western parts of the continent, 
from Michigan, Wisconsin, Iowa, Nebraska, Colorado, Utah, and California, 
north to British Columbia, Alberta, Great Slave Lake, and Manitoba. It 
winters in the southern United States, the Bahamas, West Indies, and 
Mexico. It is a casual visitor to Alaska during Inigration. 
FOOD HABITS 
In its habits the redhead resembles its near relative the canvas-back. 
It is known as a deep water or sea-duck, but is also found inland, on the 
Atlantic coast feeding in salt or brackish water, in the west inhabiting 
prairie lakes and sloughs. It is chiefly a vegetarian, for plant food made 
up 90.85 per cent of all food found in the stomachs examined, while animal 
matter constituted 9.15 per cent. For the determination of the food habits 
358 stomachs were available, most of which were taken in the winter and 
spring months over a period of 35 years. Only a few were taken in the 
summer months and these were omitted in computing the final average per-
centage, so that the results given apply almost entirely to winter and 
spring months. Of the total number of stomachs, 83 came from Okanagan 
Landing, B. C. Texas contributed 55 stomachs, Bear River, Utah, 49; Wis-
consin 31; Currituck Sound, N. C. 25; Barr Lake, Colo, 21; and various 
other parts of the country together, 45. 
Vegetable Food 90.71 per cent 
Pondweeds (Naiadaceae) 38.88 per cent 
Pondweeds made up an important item of the food of all ducks. Of 
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the 358 stomachs of redheads examined, 159 contained the true pondweeds 
(Potamogeton), divided among several species of which the sago pondweed 
(Potamageton pectinatus) was best represented, being found in 62 gizzards. 
Seeds of pondweeds not further identified were found in 92 stomachs. One 
gizzard collected in August at the mouth of Bear River, Utah, yielded 1,242 
pondweed seeds; others taken at the same time yielded 722; 585; and 435 
of these seeds, respectively. Tubers of the pondweeds also were fed upon, 
and both gizzard and gullet were frequently crammed with them. 
Widgeon grass (Ruppia Maritima) was found in 79 gizzards, and no 
fewer than 5,120 seeds of this plant were taken from one gizzard and ap-
proximately 1,400 from another. In one gizzard 1,950 and in another 1,600 
seeds of bushy pondweed (Naias ma1·ina) were found. Horned pondweed 
(Zannichellia palustris) was present in only four stomachs, one of which 
contained 737 :fruits of the plant. 
Algae 15.92 per cent 
Muskgrass (Chara sp.) was the most abundant of this group. It was 
present in almost all the stomachs from Okanagan Landing, B. C., averag-
ing 90.63 per cent for all birds collected there and raising the average for 
all stomachs containing it to 13.65 per cent. All of the stomachs :from this 
locality were collected in the winter months, and, due to the scarcity of 
other foods at this time, many of the birds resorted to a strict diet of musk 
grass. One stomach from Currituck Sound, N. C. contained at least 71,000 
oogonia of this plant, another 5,400, and a third 3,200; these were doubt-
less taken with the plant, and being tougher, persisted in the stomach even 
after every other trace of the plant had disappeared. Other algae com-
prised but 2.27 per cent of the total food. 
Sedges ( Cyperaceae) 9.84 per cent 
Seeds of the sedges (Cyperaceae) were found in 86 gizzards of the 
redhead; apparently other parts of the plants are rarely taken. Fourteen 
species of sedges contributed to the food of this bird. Among the important 
ones were three-square (Scirpus americanus) which was identified in 18 
stomachs, and the river bulrush (Scirpus fluviatilis) in 9. Unidentified 
bulrush seeds were found in 43 gizzards. The following large numbers of 
seeds were taken from individual stomachs, three-square, 1,660, 1,550, and 
435; prairie bulrush ( Scirpus paludosus), 1,120, 935,570, and 403; spike 
rush (Eleocharis sp.), 1,500 and 670; and sedge (Carex sp.), 2,775 and 720. 
Grasses (Gramineae) 7.56 per cent 
Grasses as a whole were not taken in any quantity and of those eaten 
the best represented was wild rice (Zizania aquatica) which was found in 
12 gizzards, amounting to 2.52 per cent of the total. Other grasses iden-
tified in the food were switch grass (Panicum sp.), wild millet (Echinoch'loa 
crus-galli), cut-grass (H omalocenchrns sp.), salt grass (Distichlis spicata) 
and cultivated oats (Avena sativa). Of the latter only a few seeds were 
found in a single stomach. 
Miscellaneous vegetation 18.51 per cent 
Wild celery ( Vallisneria spiralis-2.36 per cent) was found in 17 
stomachs, winter buds and tender leaves being the preferred parts. From 
the findings of this investigation it may be seen that the redhead does not 
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depend upon wild celery so much as is generally supposed, since only 17 out 
of 358 gizzards contain it. 
The seeds of the water lillies (Nyrnp1w.eaceae--2.2 per cent) were most 
abundant in the gizzards of the birds taken in the south during winter. 
The seeds and rootstocks of the banana waterlily (Nymphaea mexicana) 
made up 11.09 per cent of the food of the 55 birds collected in Texas. Seeds 
of the sweet-scented waterlily (Castalia odorata) were found in 3 gizzards. 
Seeds and a few bits of the plants of water milfoil (Myriophyllum sp. 
-1.99 per cent) were found in 13 of the examined stomachs. Three of the 
stomachs contained seeds of bottle brush (Hippuris vulgaris), and the seeds 
of mermaid weed (Proserpinaca sp.) were present in one. 
Only 7 of the stomachs contained duckweeds (Lemna sp.-1.58 per 
cent). Redheads prefer large bodies of water and usually feed away from 
shore and therefore do not get these plants which are so restricted to calm 
waters. 
Coontail (Ceratophyllum demersum) was found in 22 gizzards; the 
birds fed upon both seeds and plants to the extent of 1.46 per cent. 
The seeds of 8 species of smartweeds (Polygonaceae--1.33 per cent) 
were taken from the stomachs of the redheads, the most abundant being 
those of water pepper (Polygonum hydropiperoides) which were found in 
9 stomachs. Approximately 700 seeds of the dock-leaved smartweed (Poly-
gonwn lapathifolium) made up a part of the food of one redhead; and 300 
seeds of lady's thumb (Polygonum persicaria) a portion of the food of 
another. 
At least 5,000 seeds of pigweed (Amaranthiis sp.) were found in the 
single stomach containing this plant. 
Animal Food 9.16 per cent 
Mollusks (Mollusca) 6.52 per cent 
By far the greater part of the molluscan food was found in the gizzards 
of the birds collected in Texas, where they fed upon small snails ( Colum-
bellidae and Cerithiidae). At least 2,400 shells of a small fresh-water snail 
(Plarwrbis parvus) were present in one stomach. Twenty-six species of 
mollusk shells were identified from the 358 stomachs. 
Miscellaneous Animal Food 2.64 per cent 
Insects made up only 2.53 per cent of the food of the redhead, but it 
should be remembered that the majority of the stomachs were taken during 
winter, the time when insects are least available. The few gizzards that 
were taken during early fall months contained a relatively higher percent-
age of insects, but owing to the very small number of stomachs taken at 
this time they were not included in the computation of food items. Beetles 
were most frequently found and were divided chiefly among the diving 
beetles (Dytiscidae), water-scavenger beetles (Hydrophilidae) and scara-
baeid beetles (Scarabreidm). A few stomachs contained flies (Diptera) but 
the insects of this order found were generally in the larval stage. Approx-
imately 750 larvae of midges ( Chironomidae) were eaten by one duck. A 
few of these birds took ants (H ymenoptera) or the nymphs of dragonflies 
or damsel flies ( Odonata) . 
The remains of fishes in 2 stomachs made up the total average of .034 
per cent for this item of food. Four gizzards contained the remains of 
crustaceans and 2 contained water mites (H ydrachni<lae), in quantities 
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not worth mentioning in either case. Worms (Annulata) and fresh water 
bryozoa ( M olluscoidea) were present in one gizzard each. 
RING-NECKED DUCK 
(Nyroca collaris) 
The ring-necked duck is known by many common or local names, 
among which are the following : ringneck, ringbill, bluebill, blackjack, 
raftduck, and tufted duck. This is a more southern bird than the scaup 
ducks, breeding from southern British Columbia to northern California, 
and from northern Alberta to Lake Winnipge, south to North Dakota, 
northern Iowa, and Wisconsin. It winters from southern British Columbia, 
northern Texas, southern Illinois, New Jersey, south to Porto Rico and 
Guatemala. During migration it may be found in Newfoundland and Nova 
Scotia. It has been recorded from Bermuda and England. 
FOOD HABITS 
Six hundred and fifty-seven stomachs were available for the deter-
mination of the food habits of the ring-necked duck. An inconsiderable 
few of these were collected during the late spring, summer, and early fall 
months. These, and the nearly empty stomachs, were not considered in the 
determination of the final percentages. Of the total 657 stomachs, 553 were 
worthy of record. Most of these were collected in southern states: Florida 
contributed 360 which were collected in the months November to February 
inclusive, Louisiana 120, Arkansas, 51 collected in November and December, 
and the remaining 22 from various localities. 
Vegetable Food 93.23 per cent 
Pondweeds (Naiadaceae) 16.12 per cent 
Seven species of pondweeds were identified in the stomachs of the ring-
necked ducks. The smaller pondweed (Potamogeton pusillus) was found 
in nine stomachs; sago pondweed (P. pectinatus) in eight, curly pondweed 
(P. perfoliatus) in two, (one of which contained 1,520 seeds of the plant 
and the other 728), leafy pondweed (P. foliosus) in one, and unidentified 
pondweeds (Potamogeton sp.), chiefly ground up seeds, in 155. Widgeon 
grass ( Ruppia maritima) was taken from fifteen of the stomachs, one 
gizzard collected in California in February containing 3,450 seeds. Bushy 
pondweed (Naias flexilis) was found in ten stomachs and horned pondweed 
(Zannichellia palustris) in two. Thirty-eight out of fifty-one ducks collect-
ed at Menasha, Arkansas, during November and December consumed pond-
weeds to the extent of 48.82 per cent of all their food. 
Waterlily family (Nymphaeaceae) 15.32 per cent 
In the stomachs of the ringneck the seeds of waterlilies were much more 
conspicuous as a food than in any other species of duck whose food habits 
have so far been investigated, being present in 359 of the 657 stomachs ex-
amined. The greatest quantities of them were present in the stomachs from 
Florida, 170 out of 360 taken during the winter months containing them. 
The seeds of sweet-scented waterlily (Castalia odorata ) were identified 
in 182 gizzards. A few of the larger numbers of seeds present in individual 
stomachs are as follows: 1,320, 830, 720, 672, and 660. 
Seeds of watershield (Brasenia sckreb&ri) constituted an especially 
important item of food of the birds collected in Florida from November to 
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February jnclusive. Inidvidual stomachs were found to contain 920, 560, 
and 430 of these hard ovoid seeds. They amounted to 38.35 per cent of 
the food of the 314 ducks that fed on it in this locality. Seventy-nine of 
these birds had eaten the seeds of spatterdock (Nymphaoo. 'Yliicrop"htylla). 
One duck consumed 184 of them. 
This over-representation of Florida tends to give undue importance to 
some of the duck foods common: there. 
Arrowhead family (Alismaceae) 11.66 per cent 
Seeds of arrowheads were frequently found in the stomachs, but the 
bulk of this food consisted of tubers or potatoes, most of which was con-
sumed in the southern states during the winter months. The delta potato 
(Sagittaria platyphyl"la) was the most abundant representative of this fam-
ily, the tubers of which were found in sixty-four stomachs and averaged 
11.61 per cent of the total. Seven large tubers were found in one stomach. 
Wapato (S. latifolia) was eaten by sixteen of these ducks. No less than 
1,040 seeds of arrowheads (Sagittaria spp.) were contained in one stomach. 
These were undoubtedly picked from fruitheads. Of the ninety-six ducks 
collected near Quarantine, Louisiana, seventy-six had consumed tubers of 
arrowheads amounting to 73.22 per cent of their entire subsistence. 
Many ringnecks, like the gadwalls, (Mabbott, 1920) when wintering 
on the Mississippi Delta, Louisiana, have been found to be feeding on only 
three items of food; these were the seeds of three-square (Scirpus ameri-
canus), the delta potato (Sagittaria platyphylla), and a small green and 
black snail ( N eritina reclivata), all of which are very abundant there. 
Sedges ( Cyperaceae) 11.29 per cent 
Seeds of sedges were well represented in stomachs from all parts of the 
country. They form a considerable item of food of all species of ducks. 
Knotted spike rush (Scirpus etubercitlatus) and Canby's bulrush (Eleo-
charis interstincta) represented this family by their seeds almost to the 
exclusion of all other sedges from Florida. They amounted to 30.15 per 
cent of the food of 193 of the 360 birds collected at Micanopy, Florida, 
from November to February inclusive. Canby's bulrush was identified in 
236 stomachs and knotted spike rush in 214, both species frequently ap-
pearing in the same gizzard. 
The seeds of three-square ( S cirpus mnericanus) were present in sixty-
one gizzards in numbers as high as 2,780, 2,760, 2,460, 2,240, and 2,096. 
Bulrush seeds (S. cubensis) appeared in nineteen and sawgrass (Cladium 
jamaicense) in eighteen stomachs. Many other sedges were present in 
smaller quantities. Of the ninety-six stomachs collected at Quarantine, 
Louisiana, forty-seven had consumed sedges to the extent of 41.83 per cent. 
Cyperus f erax was identified from only one stomach, which contained 
6,460 seeds. 
Frogbit family (Hydrocharitaceae) 8.35 per cent 
Although wild celery (Vallisneria spiralis) is a very important food 
item of some species of ducks, the ringnecks took proportionately much less 
than any other duck treated in this paper. The seeds and leaves of this 
plant were present in only ten of the examined gizzards. Twenty-seven 
stomachs contained seeds of fogbit (Limnobium spongia). Of frogbit seeds 
as a ringneck food McAtee (1915 p. 5) writes, "Twenty-five stomachs of 
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the latter species (ringneck) collected in December contained on the average 
over 35 per cent of these eagerly sought seeds.'' Practically all of the 
stomachs, in which these two plants were found, were collected in Louisiana. 
Coontail ( Ceratophyllaceae) 6.9 per cent 
Coontail ( Ceratophyll1"m demersum) was present in 128 of the stom-
achs available for examination. Most frequently only the seeds were pres-
ent, although the tips of the plants were by no means rare. Both seeds and 
tips were found in thirty-nine of the fifty-one stomachs collected at Men-
asha, Arkansas, during November and December. In these thirty-nine this 
item amounted to 17.74 per cent of all their food. Twenty out of the 
twenty-four birds collected in Louisiana had utilized this plant to the ex-
tent of 16 per cent of their entire diet. One duck had eaten no fewer than 
200 of these seeds. 
Smartweeds (Polygonaceae) 6.18 per cent 
Smartweed seeds were eaten quite frequently by the ringnecks; they 
constituted 41.80 per cent of the food eaten by 114 of the Florida ducks. 
The most frequently found, as well as the most abundant smartweed seeds, 
were those of mild water pepper (Polygonum kydropiperoides) which were 
identified in 202 stomachs, most of which came from the Gulf States and 
many of which were crammed full of this food. Fifteen stomachs contained 
over one thousand seeds of this species, the highest four being 8,170, 7,820, 
5,960, 5,632. Swamp smartweed (P. emersum) was found in eleven, water 
smartweed (P. acre) in ten, dense- flowered smartweed (P. portoricense) 
in eight, water smartweed (P. amphibium) in seven, and others in smaller 
numbers. 
Miscellaneous Vegetation 17.41 per cent 
Duckweeds (Lemnac.eae-2.71 per cent) were comparatively more 
abundant in the ringnecks than in any of the other ducks herein con-
sidered. Several stomachs from Florida were well filled with this food. The 
Florida duckweed (WolffieUa floridana) was eaten by twenty-five ducks, 
unidentified duckweeds (Lemna spp.) by twenty and the small duckweed 
(Lemna minor) by one. 
Concerning the stomachs from Arkansas which contained duckweeds, 
McAtee (1915 p. 3) says, "Fifteen ringnecks had consumed on the average 
21.7 per cent each, ... '' • 
The principal grasses (Gramineae-2.69 per cent) taken by these ducks 
are cut-grass (Zizaniopsis miliacea), found in five stomachs, wild rice 
(Zizania aquatica) in four, switch grass (Panicum sp.) in three, cockspur 
grass (Echinochloa sp.) in three, and others in smaller numbers. A few 
grains of barley in one stomach, constiuted the only record in this series 
of cultivated grain eaten by ringnecks. 
The seeds of buttonbush ( Cepha"lanthus occidentalis-2.69 per cent) 
were present in thirty-two stomachs, most of which were collected in Novem-
ber and December near Menasha, Arkansas. The only other representative 
of this family was cleavers ( Galium sp.) a few seeds of which were present 
in two gizzards. 
Twenty-three of the twenty-four stomachs contained algae (1.84 per 
cent) were well filled with musk grass (Chara sp.). One stomach collected 
in January at Currituck Sound, North Carolina, contained no fewer than 
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35,200 oogonia or reproductive bodies of this plant and approximately 10,-
300 were present in a stomach from Alabama. 
The pine family (Pinaceae) was represented in eleven stomachs by 
the seeds of loblolly pine (Pinus taeda) which amounted to .26 per cent of 
the total. A few cone scales of bald cypress (Taxodium distich1im) were 
found in two gizzards. The hard seeds of bur reeds (Sparganium spp.) 
were identified in thirteen stomachs ( .193 per cent). 
The water milfoil family (Haloragidaceae) made up but .038 per cent 
of the food. The examination of one stomach from Florida revealed 7,760 
seeds of water milfoil (Myriophyllum sp.), and one from Athabaska Delta 
contained 335 seeds (M. spicatum). Bayberry seeds were found in twenty-
two stomachs, grape seeds in twenty, seeds of hawthorn in twelve, water-
penny in eleven, dodder in ten, poison ivy in eight, holly in six, and others 
in smaller quantities. Approximately 10,000 seeds of water hyssop (Ba-
copa rotundif olia) were present in a stomach from Arkansas, the only one 
found to contain this plant. 
Unidentified seeds, most of them badly worn by gravel, were taken 
from ten stomachs. 
Animal Food 6.66 per cent 
Mollusks (Mollusca) 5.25 per cent 
The bulk of the animal food was drawn from the mollusks, especially 
the gastropods. Many of the stomachs from Louisiana were well filled with 
small shellfish. The largest single item of this food eaten by the ringnecks 
consisted of a small nerite (Neritina reclivata) which appeared in sixty-
seven gizzards, taken chiefly in Louisiana. It amounted to 1.45 per cent 
of the food of these ducks. Fifty-nine of the ninety-six gizzards from 
Quarantine, Louisiana, contained this mollusk, some of them being crammed 
full of it. 
The shells of Planorbis narvus were contained in eleven stomachs, 
Planorbis trivolvis in five, Planorbis spp. in fourteen, and Anachis avara 
in five. Many other species were eaten in smaller quantities. Shells are 
often badly worn by gravel and sand in the gizzards and hence can not be 
identified with any degree of certainty. Of such shells thirty-three were 
gastropods, two pelecypods, and eleven merely identified as mollusks. 
Miscellaneous Animal Food 1.41 per cent 
The group of insects (Insecta-1.40 per cent) most frequently found 
in the stomachs of these ducks were dragon flies and damsel-flies ( Odonata), 
practically all of which were in the nymphal stages. Unidentified nymphs 
of these insects were present in sixty-four gizzards, damsel-flies or their 
nymphs in forty, and dragon-flies or their nymphs in fourteen. Beetles 
(Coleoptera) of several kinds were eaten by twenty-seven ducks, flies (Dip-
tera) and caddis-flies (Trichoptera) by seventeen each. Eight stomachs 
contained insects of the order Hymenoptera, almost all of which were so 
badly mutilated as to render further identification impossible. Bugs were 
not well represented with the exception of the water boatman ( Corixidae) 
which were identified in nine stomachs. The order Orthoptera, grasshop-
pers, crickets, etc., was represented in but five stomachs. Those containing 
the greatest bulk of insects were collected near Menasha, Arkansas. Had 
a larger number of stomachs been taken during the warmer months un-
doubtedly the amount of insect food would have been much greater. ' 
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A few shrimps, crabs, ostracods, and amphipods accounted for .009 
per cent of the food. Unidentified fish bones present in ten stomachs made 
up .007 per cent. The following were represented as mere traces: water 
mites (Hydrachnidae) in seven, fresh water bryozoa, (Pectinatella nwg-
nifica), chiefly the statoblasts, in five, and earthworms ( Lumbricomorpha 
sp.) in four. 
Of this duck, Audubon (1840) says: "A male which I shot near 
Louisville, in the beginning of May, exhibited a protuberance of the neck 
so very remarkable, as to induce me to cut the skin, when I found a frog, 
the body of which was nearly 2 inches long, and which had almost choked 
the bird, as it allowed me to go up within a dozen or 15 paces before I took 
aim.'' Stomachs examined for this report failed to disclose any evidence of 
frogs. 
CANVAS-BACK 
( N y1·oca valisineria) 
The canvas-back, the most famous duck from the standpoint of the 
epicure, ranges throughout North America. Its breeding range extends 
from Central British Columbia, Fort Yukon, Great Slave Lake and south-
western Keewatin south to Oregon, Nevada, Nebraska, and southern Min-
nesota. It winters from southern British Columbia, Nevada, Colorado, Illi-
nois, Pennsylvania and western New York south to central Mexico and the 
Gulf coast. In migration it rarely reaches New Brunswick and Nova Scotia. 
A few wander to Bermuda and the West Indies. 
FOOD HABITS 
The food habits of the canvas-back were determined from the ex-
amination of 381 stomachs. The greater part of this number represents 
birds taken chiefly in the southern states during the winter and spring 
months (December to April). The largest series were collected at the 
following localities: Triumph P. 0., La. which contributed 113, Lake Sur-
prise, Texas, 36, Marquette, Wis., 24, Mississippi Delta, 22. Each of these 
localities furnished a special food and these particular items raised the per-
centage for that food in the final average. The following will illustrate the 
above statement: 103 out of 113 canvas-backs from Triumph P. 0., La. 
fed very largely on the tubers of delta duck potato (Sagittaria platyphylla) 
which averaged 66.46 per cent of their food. Ninety-five out of these 113 
birds took the small snail (Neritina 1·eclivata) to the extent of 19.43 per 
cent of their diet. 
Vegetable Food 84.8 per cent 
Waterlilies (Nymphaeaceae) 19.49 per cent 
Seeds of the waterlilies were taken by 57 of the canvas-backs; the 
gizzards from Lake Surprise, Texas, containing seeds and rootstocks of the 
banana waterlily (Nymphaea mexicana) raised the representation of this 
family to 19.49 per cent of the totaJ food. Thirty-four of thirty-six birds 
fed on this plant to the extent of 76.36 per cent. Nineteen had eaten the 
seeds of the sweet-scented waterlily (Castalia odorata), and 3 those of 
water shield (Brasenia schreberi). 
Pondweeds (Naiadaceae) 17.85 per cent 
Although all parts of pondweeds were eaten, the seeds made up the 
greater part of the food derived from this family. All ducks seem to be 
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especially fond of the hard seeds of these plants. Pondweeds were repre-
sented in 228 of the 381 stomachs examined, the true pondweed (Pota-
mogeton spp.) being found in 189 gizzards. The numbers of tubers of the 
sago pondweed (Potamogeton pectinatus) found in the gizzards and crops 
verifies the statement that this plant makes an excellent food with which 
to attract these ducks. One gizzard and one crop contained 59 tubers, an-
other 57, some of which measured % inch in thickness and % inch in 
length; a third contained 52 tubers. Pondweed seeds were frequently found 
in large numbers in single stomachs, those of sago pondweed in the follow-
ing numbers, 2,560, 504, and 221. Widgeon grass (Riippia maritima) was 
identified in 22 and bushy pondweed (Naias flexilis) in 4 stomachs. 
Arrowheads (Alismaceae) 15.7 per cent 
The delta duck potato (Sagittari palatyphylla) was the most frequently 
identified species, being found in 119 gizzards and averaging 15.46 per 
cent of the contents of the total number of stomachs. One hundred and 
three out of 113 gizzards from Triumph, P. 0., La., contained this plant 
and it averaged 66.46 per cent for the ducks from that place. Other parts 
of the Mississippi Delta furnished 22 gizzards, 16 of which contained the 
same plant to an average extent of 43.86 per cent. The following large 
numbers of tubers were found in the gizzards and crops of individual ducks: 
36, 20, 13, 12, and 11. 
Grasses ( Gramineae) 11.49 per cent 
Though an excellent duck food the seeds of wild rice (Zizania aquatica) 
were found in only 26 of our canvas-back stomachs. Twenty out of twenty-
four stomachs collected in April near Marquette, Wisconsin, contained wild 
rice, to the extent of 57.54 per cent of their subsistence. One had consumed 
128 seeds and another 116. 
Among other grasses represented in the food by their seeds were: wild 
millet (Echinochloa crus-galli), and cut-grass (Leersia sp.). 
Frogbit family (Hydrocharitaceae) 10.8 per cent 
Wild celery ( Vallisneria spiralis) was the only member of this family 
taken by these ducks, being present in 40 stomachs ; no wild celery was 
found in the stomachs from the south. Some leaves of the plant were eaten 
but the rootstocks and winter buds were the preferred parts. The canvas-
back has been reputed to feed largely upon wild celery but from the results 
obtained in the present investigation it is evident that the bird is no more 
fond of this plant than of certain others. However, the results might have 
been modified had a larger number of the stomachs examined been collected 
in places where this plant grows in abundance. 
Miscellaneous vegetation 9.47 per cent 
Usually only the seeds of sedges ( Oypera.ceae-2.94 per cent) are taken 
but tender parts of these plants also were found in the stomachs. Eleven 
species of sedges were eaten by the canvas-backs examined. Seeds of bul-
rushes (Scirpus sp.) were found in the largest number of stomachs, the 
species best represented being three- square ( Scirpns americanns) which 
was found in 128 gizzards, river bulrush (Scirpus flitviatilis) in 18, salt-
marsh bulrush (Scirpus robusfos) in 12, and prairie bulrush (Scirpiii 
palitd-Osits) in 10. Unidentified bulrushes were found in 61 stomachs. 
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The following series indicate the larger numbers of seeds of three-
square found in individual gizzards of the canvas-back, 2,390, 2,280, 1,550, 
1,256, 900, 880, 860, and 752. 
Musk grasses (Chara spp.) were the best represented among the algae; 
they were found in 13 stomachs and averaged 0.70 per cent of the total 
food. At least 1,600 oogonia of this plant were found in the gizzard of one 
canvas-back taken in Louisiana in November. Unidentified algae were 
present in 5 stomachs. 
Water milfoil (Myriophyllum spp. ) was present in 24 of the stomachs 
examined, constituting an average of 0.97 per cent. Seeds were most 
abundant but parts of the foliage also were found. In a few cases large 
numbers of seeds were present in individual gizzards as illustrated by the 
following numbers, 1,224, 1,045, and 557. Seeds of bottle brush (Jlippnris 
vulgaris) were found in 4 stomachs and those of mermaid weed (Proser'-
pinnca palustris) in one. 
The seeds were the only parts of the smartweeds (Polygonaceae-0.71 
per cent) eaten by the canvas-back ducks. Eight species of these plants 
were identified in the stomach contents. The most common form was water-
pepper (Polygonum hydropiper) which was found in 21 of the stomachs, 
one containing 380 seeds of this plant. Polygonum lapathif olium was sec-
ond, being found in 9. The seeds of dock (Rumex spp.) were present in 
only two of the stomachs. 
Coontail (Ceratophyllum demersum-0.62 per cent) was found in 33 
gizzards, the seeds and the foliage of the plant being taken in about equal 
proportion. 
The seeds of bur-reed (Sparganium spp.-0.28 per cent) were found 
in 17 stomachs of the canvas-back, but no trace of other parts of the plant 
was found. The seeds of Sparganium eurycarpum were taken by 7 of these 
ducks; Sparganium multipedunculatmn by 4, one of which contained 283 
seeds; Sparg(lniiim americanum by 2; and unidentified bur-reeds (Spar-
ganium sp.) by 4. 
Duckweeds (Lemnaceae-0.12 per cent) were eaten by only 5 of these 
birds, Lemna sp. by 3, big duckweed (Spirodela sp.) by 2. At least 1,600 
nearly entire plants of the big duckweed and the ground up remains of 
many more were found in the gizzard of one canvas-back taken in Louisiana 
in February. 
The remainder of the vegetable food was made up of many small items 
among which the following were most common, appearing in the number 
of stomachs indicated by the number following the name: cleavers ( Galium 
sp.) 4, bayberry (Myrica sp.) 3, bald cypress (Taxodium distichum) 2, pig-
weed (Chenopodiiim sp.) 2, dogwood (Cornus sp.) 2, bogbean (Menyanthes 
trifoliata) 2, and Spanish needles (Bidens sp.) 2. 
Animal Food 15.15 per cent 
Mollusks (Mollusca) 12.55 per cent 
By far the greater part of the animal food consisted of small snails 
(Neritina reclivata) which were found in 104 gizzards collected at Triumph 
P. 0., !Ja. and made up 19.43 per cent of the food of these birds. Uniden-
tified gastropods were eaten by 34 birds, and other snails taken were as 
follows,- Nassa acuta by 4, Anachis obesa by 3, and Tornatina. canaliculata 
by 2. Unidentified bivalves were taken from 14 of the stomachs and Ma-
coma nasuta from 12. 
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Miscellaneous Animal Food 2.60 per cent 
Since most of the available stomachs were collected in the winter and 
early spring months,-a time when few insects are active,-insects con-
stituted only 1.45 per cent of the total food. Had a series of gizzards from 
the breeding range been examined insects no doubt would have been much 
better represented. The few stomachs representing the late spring and 
early summer months showed a much higher percentage of insects but were 
omitted from the final computation on account of the small amount of food 
they contain. Beetles ( Coleoptera) in both the larval and adult stages were 
present in 27 of the stomachs. Flies and their larvae (Diptera) were 
second in importance, being found in 26 of the gizzards, the larval stages 
by far the most abundant. The larvae of the midges ( Chironomidae) 
were present in 18 of the stomachs; one of these contained the remains of 
at least 130 of these larvae and another no fewer than 112. Bugs (Heter-
optera) were found in 12 gizzards, Mayflies (Ephemeroptera) and their 
nymps were taken by 8 birds, damsel-flies (Zygoptera) and their nymphs 
by 7, and dragon-fly nymphs (Anisoptera) by 1. Remains of dobson fly 
( Cory<lalis cornuta) larvae were present in 4 gizzards, caterpillars (Lepido-
ptera) in 4, the larvae and larval cases of caddis-flies (Trichoptera) in 3, 
and a spider (Arachnida) in 1. 
The remains of fishes, chiefly scales and bones, were found in 27 
gizzards. A tooth of a rat (Muridae) and the vertebrae and teeth of musk-
rats ( Ondatra rivalicia) were probably picked up with gravel by the 9 birds 
which had swallowed them. Crustaceans were eaten by only 2 birds. 
GREATER SCAUP DUCK 
( N yroca marila) 
The scaup duck is a rather common bird known by many local names, 
among which are blue bill, broadbill, blackhead and grayback. It breeds 
from the northern United States northward to Alaska and the Aleutian 
Islands. In the fall it migrates to the southeast and reaches the Atlantic 
coast, the Bahamas, the Gulf Coast and southern California. It is rare in 
migration in Newfoundland and Nova Scotia. 
FOOD HABITS 
The stomachs of 710 scaup ducks were available for this investigation. 
They were collected over the greater part of North America but the western 
part is best represented, as Oyster Bay, Wash., furnished 310, Okanagan 
Landing, B. C., 67, and Bear River, Utah, 50. Six hundred and forty-four 
of the examined stomachs were used in computing the percentages as given 
in this report, the remainder being nearly empty or widely scattered 
through the summer months. Most of them were collected in the months 
from October to April inclusive. 
Vegetable Food 67.14 per cent 
Pondweeds (Naiadaceae) 26.37 per cent 
0£ the true pondweeds (Potamogeton spp.), the seeds of the sago pond-
weed (Potamogeton pectinatus) were most frequently found. They ap-
peared in 37 of the stomachs examined. The seeds of five other species of 
pondweeds (Potam<>geton spp.) were found in one stomach each. The seeds 
of widgeon grass (Ruppia maritima) were eaten by 134 of these ducks and 
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the following numbers of seeds were taken from individual &tomachs : 
1,350, 1,000, 988, and 500. Fifty-one of the gizzards contained the seeds 
of the bushy pondweed (Naias flexilis), nineteen the seeds and parts of the 
plant of the horned pondweed .( Zannichellia palilStris), and seven the seeds 
of eel grass (Zostera riw,rina.) No less than 1,600 seeds of the pondweeds 
(Potamogeton spp.) were found in one stomach and 400 in another. Forty-
nine out of fifty stomachs collected at the mouth of the Bear River in Utah 
during October and November contained the seeds of Pondweeds (Potamog-
eton spp.) and widgeon grass ( Ruppia riw,ritiriw,), making an average of 
58.75 per cent of all food eaten there. 
Algae 20.71 per cent 
The total percentage for algae was raised by the 67 gizzards collected 
at Okanagan Landing, B. C., where Chara was the common food of this 
species of duck. These stomachs were taken from November to February 
inclusive and 52 out of 67 contained this plant; a few were crammed with 
it. The ovid oogonia were not picked up individually but were eaten with 
the plant and, being resistant, remained in the gizzard after the other parts 
bad been digested. One stomach, collected in Currituck Sound in February, 
contained no less than 83,000 whole oogonia and the pieces of at least three 
times as many more, representing a total of about 332,000. Another 
gizzard from the same place contained 4,128 o-Ogonia. 
Wild Celery (Hydrocharitaceae) 6.95 per cent 
Wild celery (Vallisneria spiralis) was eaten by 45 of these ducks and 
was most abundant in the gizzards of those collected in Currituck Sound, 
N. C. Very few seeds of this plant were found, for the preferred parts 
were the rootstocks, buds, and some leaves. No great quantity was found 
in any stomach. 
Miscellaneous Vegetation 13.11 per cent 
The seeds of the sedges ( Cyperaceae) were practically the only parts 
of these plants present and they made up 3.8 per cent of the total. Seeds 
of unidentified bulrushes were taken from 88 stomachs. Three-square 
(Scirpus americanus) was the most common identified form and was found 
in 25 of the gizzards. The following were present in the number of 
stomachs indicated: prairie bulrush (Scirpus paludosus) ll, river bulrush 
(Scirpus fluviatilis) 6, salt-marsh bulrush (Scirpus robustus) 3, twig rush. 
( Cladium mariscoides) 7, saw grass ( Cladiiim janiaicense) 5, and spike rush 
(Eleocharis sp.) 3. 
The seeds and tubers of the arrow-heads (Alismaceae-1.6 per cent) 
were present in 7 of the gizzards and represent one locality, Okanagan 
Landing, B. C. A few seeds of water plantain (Alisriw, sp.) were eaten by 
one of these ducks. 
Grasses ( Gramineae--1.04 per cent) appeared in the contents of 32 
of the stomachs available for examination. Wild rice (Zizania aquatica) 
was the most frequently identified species. The seeds of it were taken from 
11 of the stomachs and averaged .49 per cent for the total number ex-
amined. Five of the birds had eaten the seeds of switch grass (Panicum 
sp.). Eight other grasses were present in one stomach each but none in 
any quantity worth mentioning. 
The seeds of smartweeds (Polygonaceae-.95 per cent) were taken from 
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54 of the gizzards. Water smartweed (Polygoniim amphibium) was iden-
tified in 18 stomachs, lady's thumb (Polygonum persicaria) in 5, water 
pepper (Polygonum hydropiper and Polygonum densiflorum) in 2 each. 
At least 300 seeds of lady's thumb were taken from one stomach from Col-
orado. Five stomachs contained the seeds of golden dock (Rumex persi-
carioides) and eight the seeds of an unidentified dock (Rumex sp.). 
Bits of the plant as well as the seeds of coontail ( Ceratophyllum 
demersum) were present in 35 of the gizzards and represent .83 per cent 
of the total. The seeds of water milfoil (Myriophyllum spicatum and 
Myriophyllum sp.) were eaten by 42 of these ducks. Seven gizzards con-
tained the seeds of bottle brush (Hippuris vulgaris). The water milfoils 
and bottle brush averaged .72 per cent for all the examined stomachs of 
the scaup ducks. 
The seeds of the bur-reeds (Sparganiaceae-.24 per cent) were divided 
as follows: Unidentified in 9, Sparganium multipedunculatum in 2, Spar-
ganium eurycarpum in 2, and Sparganium androcladum in one. 
Proportionately fewer seeds of the water lilies (Nymphaeaceae-.13 
per cent) were eaten by the scaup duck than any other duck treated in this 
report. Water shield (Brasenia schreberi) was eaten by 7, yellow pond 
lily (Nymphaea sp.) by 3, white water lily (Castalia sp.) and yonkapin 
(Nelumbo lidea) by one each. 
The remaining vegetable food, made up chiefly of the seeds of 30 dif-
ferent plants, constituted 3.8 per cent of the total. Most of the seeds were 
present in one stomach each, those present in larger quantities were bay-
berry (Myrica sp.) in 16, marsh pennywort (Centella asiatica) in 7, button-
bush ( Cephalanthus occidentalis) in 4, pigweed ( Amaranthus sp.) and dog-
wood (Cornus sp.) in 3 each; pepperwort (Marsilea sp.), clover (Trifolium 
sp.), black crowberry (Empetrum nigrum), grape (Vitis sp.), Spanish 
needles (Bidens bidentoides) and duck weeds (Lemna sp.) in 2 each. One 
duck collected at Micanopy, Florida, in December, had eaten 7,680 seeds 
of glasswort (Salicornia ambigua). 
Animal Food 32.78 per cent 
Mollusks (Mollusca) 25.14 per cent 
The average for this item of food was raised greatly by the gizzards 
from Oyster Bay, Wash., where mollusks constituted 84.73 per cent of the 
food of the scaup duck. This series of stomachs was collected during a 
special investigation to determine whether or not these ducks were being 
rightly accused of damaging the oyster beds. The 310 stomachs from there 
were taken from November to April inclusive. Oysters (Ostrea lurida) 
formed 41.58 per cent of the food of the ducks taken there; 231 out of the 
310 contained this item of food and fragments representing 48, 40, 39, 36, 
34, 30, 24, 23 and on down were found in individual stomachs. These 
large numbers very probably represented several meals, for the diagnostic 
parts are hard and not as readily crushed as the rest of the shell. The 
largest oysters remaining whole in the stomachs measured as follows: 1%" 
x 11;4", 13/s" x ll/8", 13/s" x 1", lo/i. 6 " x 11A_ 6". A total of 245 of the 
stomachs of these ducks contained this mollusk. 
The edible mussel (Mytilus edulis) and the bent-nosed macoma (Ma-
coma nasuta) each formed 2.3 per cent of the total and were contained 
chiefly in the stomachs from Oyster Bay, Wash. The edible mussel was 
eaten by 137 of the scaup ducks. One gizzard contained four of these 
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animals, one of which measured 2" x %". Ninety-eight of the stomachs 
contained the remains of the bent-nosed macoma. The same locality was 
responsible for the increased percentage (2.2 per cent) of the lean nassa 
(Nassa mendica), which was found in 101 stomachs and of which 152 shells 
were taken from one gizzard and crop. The ribbed carpet shell (Paphia 
staminea) was eaten by 109 of the ducks collected at Oyster Bay, Wash., 
and averaged 6.93 per cent for the series from that locality or 1.9 per cent 
for the total number of scaup ducks. The most important among the re-
maining 71 species of shells that were found were present in the following 
numbers: Thais lamellosus 34, Acamae persona 16, Crepidula lingulata 
(slipper shell) 14, Nitidella gouldi 13, Anachis avara 12, Astyris lunata 11, 
Anachis obesa 9, Ilyanassa obsoleta 9, Nassa trivittata 9, Tornatina cerealis 
9, Bittium nigrum 8, Mangilia stellata 7, Goniobasis virginica 5, Odostomia 
menestho trifida 5. Two hundred and eighty-five small dog whelks (Nassa 
trivittata) were found in one stomach and 275 in another, both collected in 
Main in November. Ninety-two shells of the checkered littorina (Littorina 
,qcutulata) were taken from the only stomach containing this species. One 
had eaten 76 small gastropods (Nitidella goiildi). A gizzard from North 
Carolina contained at least one thousand small worn gastropods. One 
thousand four hundred and ninety small univalves of two species (Bittium 
nigrum and Triforis adversa) were taken by a scaup duck which was 
collected at Goose Creek, Florida. 
A small bivalve (Mulinia lateralis) was common in the stomachs of the 
ducks collected at St. Vincent Island, Florida. Sixty-eight entire shells 
and the pieces of 55 more were taken from one gizzard and crop ; other 
large numbers were 76 and 73. 
Miscellaneous Animal Food 7.64 per cent 
The insect diet was low, 4.2 per cent, as it was in most of the other 
species treated in this report, for very nearly all the stomachs available 
were taken from ducks shot from November to April, a time when com-
paratively few insects are to be found. Flies and their larvae were present 
in 51 stomachs; 29 contained midges ( Chironomidae) or their larvae and 
12 the larvae of the Ephydridae. Four hundred and thirty-three midge 
larvae ( Chironomidae) were counted in the contents of one stomach and 
207 in another, both collected in Missouri in April. A specimen from Kan-
sas, collected in October, had devoured 147 muscoid larvae. Thirty-two 
had eaten beetles ( Coleoptera) and 29 the larvae and larval cases of the 
caddis-flies (Trichopt.era). Twenty-three contained the remants of true 
bugs and all but one of this number were water-boatmen ( Corixidae). 
Five stomachs contained ants and wasps (Hymenoptera), 2 dragon flies 
(Anisoptera) and 3 mayflies (Ephemeroptera). 
The Crustaceans produced 1.61 per cent of the food of these ducks and 
the most frequently found species was a small crab (H emigrapsus orego-
nesis) which was indentified in 31 of the stomachs from Oyster Bay, Wash. 
Other species of crabs found were Lophopanope1ls bellus in 2 gizzards, 
Cancer gracilis in 1, and the hermit crabs, Pagunis hirsutinsculus and 
Pagurus granosimanus, in one each. Only one gizzard, collected at Nan-
tucket, contained mud crabs (Neopanope krona sayi), one of which meas-
ured llh" x 1". Only two contained the remains of crawfishes (Astacidae). 
Amphipods (Amphipoda) were found in 13 stomachs, ostracods (Ostracoda) 
in 10, fairy shrimps (Phyllopoda) in 6, and isopods (Isopoda) in 4. 
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One hundred and twenty-six out of the 129 gizzards in which barnacles 
were found were collected at Oyster Bay, Washington, where Balanus 
gland,ula was taken quite frequently and formed 7 .54 per cent of the food 
of the 310 stomachs from that locality and 1.51 per cent of the total. 
Another barnacle ( Chthamalus dalli) was identified in three gizzards; one 
unidentified barnacle was found in the entire series. 
The remaining animal food, which constituted .32 per cent of the total, 
was made up of many items in small quantities. Statoblasts of the fresh 
water bryozoa (Phylactolaemata) were found in 22 of the gizzards; in 15 
of these they were identified as Cristatella mucedo. These small parts were 
very probably picked up with other food. Five contained hydroids (Hy-
drozoa), 9 the bones and scales of fishes (Pisces), 5 water mites (Acarina) 
and worms (Annulata) were present in three. 
LESSER SCAUP DUCK 
(Nyroca afjinis) 
The lesser sea.up duck resembles its larger relative, the greater scaup 
duck, very closely and is known by nearly the same common names. The 
adult male lesser scaup duck is so much like the adult male greater scaup 
duck that only with difficulty can the two be separated. 
The speeies range extends over the greater part of North America. 
It breeds from the Yukon and Mackenzie river valleys south to central 
British Columbia, Montana, northern Iowa, and western Lake Erie. It 
winters in British Columbia, Nevada, Lake Erie, and New Jersey south to 
the Bahamas and Panama. It is rarely found in Newfoundland, New 
Brunswick, and Nova Scotia, and is accidental in Bermuda and Greenland. 
FOOD HABITS 
A total of 1,021 stomachs, many accompanied by well filled gullets, 
were available for the determination of the food habits of this species. Due 
to difficulty in distinguishing the scaup ducks, it is likely that there is more 
or less mixtures of the stomaehs. The results here cited were obtained from 
922 which were used in computing averages. A rather large proportion 
(525) of the total number of birds was taken at Marquette, Wisconsin, most 
of which had been reported killed by lead poisoning. Nearly all of these 
stomachs contained shot, the largest number in one gizzard being fifty-seven. 
Although a few of the gizzards and gullets were empty, most of them were 
crammed full of food. The over-representation of the Marquette region 
tends to give undue importance to the duck feed common in this locality. 
This is especially noticeable in regard to wild rice ( Zizania aquatica). Cur-
rituck Sound, North Carolina, furnished 114 gizzards; Florida, eighty-six; 
Klamath Falls, Oregon, forty-eight; Alabama, twenty-two; Louisiana, thir-
teen; miscellaneous localities, 114. 
Vegetable Food 59.96 per cent 
Pondweeds (Naiadaceae) 23.79 per cent 
Considerable quantities of this important duck food plant were eaten 
by the ducks from all localities. Seeds made up the bulk of this food, 
although the foliage and tubers also were eaten. Six species of pondweeds 
were identified in this lot of stomachs. Ground down seeds of pondweeds 
(Potamogeton spp.) not further identified were found in 728 gizzards. The 
most important of these plants from the standpoint of duck food is the sago 
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pondweed (Potamogeton pectinatiis) which was identified in ninety-four 
of the stomachs. The floating pondweed (Potamogeton natans) was taken 
from eighteen stomachs, while other species were found in smaller numbers. 
Widgeon grass (Ruppia maritima), another member of this family, was 
identified in 224 stomachs and as many as 3,280 seeds in one. ''Nineteen 
little bluebills collected in January (St. Vincent Island, Florida) had 
eaten it, principally the seeds, to the extent of over sixty-three per cent of 
their food". (McAtee, 1915, p. 16). The foliage and seeds of the bushy 
pondweed (Naias flexilis) were eaten by 314 of the ducks. One gizzard 
from Wisconsin contained 2,416 of these seeds. The horned pondweed 
(Zannichellia palustris) was identified in eleven gizzards, one of which 
contained no less than 2,500 fruits of this plant. 
Grasses ( Gramineae) 10.43 per cent 
Grasses made up about one-tenth of the food of the lesser scaup duck. 
This was found in greater proportions in the stomachs taken in Wisconsin, 
where wild rice (Ziza.nia aqiiatica) was an important item of food. With 
the exception of .007 per cent, all the wild rice kernels were found in 504 
of the 525 stomachs examined from that locality, making 66.23 per cent of 
their food. Wild millet (Echinochloa crus-galli) was identified in thirty 
stomachs, switch grass (Paniwm sp.) in ten, rice cut grass (Homalocenchrus 
oryzoides) in nine, cockspur grass (Echinochloa sp.) in eight, and foxtail 
( Chaetochloa sp.) in seven. 
Algae 5 per cent 
Algae were found in 121 stomachs of which number 118 contained 
musk grass (Chara sp.). This plant constituted 29.74 per cent of the food 
eaten by the 114 birds taken at Currituck Sound, North Carolina. "Three-
fifths of the food of seventy little and thirty-five big bluebills taken in that 
locality in November, 1909, consisted of musk grass." (McAtee, 1915 p. 1). 
Oogonia, the reproductory bodies of these plants, appeared in abundance 
in these stomachs. One contained approximately 20,600 of them. 
Miscellaneous Vegetable Food 20.74 per cent 
Many of the sedges ( Cyperaceae-3.69 per cent) contributed to the food 
of the lesser scaup duck; the seeds or entire fruitheads, however being almost 
the only part of the plant consumed. Bulrushes (Scirpus sp.), not further 
identified, were found in 376 of the stomachs examined, the river bulrush 
(S. fluviatilis), found in 317 stomachs, making up the greatest bulk from 
this source. Three-square (S. americanus) was second in the list, being rep-
resented in 250. Other bulrushes were taken in smaller quantities. Seeds 
of sedges ( Carex sp.), not further identified because of their worn down 
condition, were found in 163 stomachs. Saw grass ( Cladium jamaicense) 
was fed upon by sixty of the ducks. Twig rush ( Cladium mariscoides) was 
taken from fifteen, chufa (Cyperus sp.) from thirty-one, and spike-rush 
(Eleocharis sp.) from sixteen. 
Seeds, plants, and winter buds of wild celery ( Vallisneria spiralis-
3.45 per cent) were found in th.e stomachs of 174 ducks, most of this num-
ber having been taken at Currituck Sound, North Carolina. W aterweed 
(Philotria canadensis) another member of this family, was identified in 
only nineteen. 
Smartweeds (Polygonaceae-2.93 per cent) grow abundantly in moist 
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or wet areas and make up one of the favorite food items of wild ducks. 
While the seeds of these plants are the only parts edible, they are highly 
nutritious in food value. Eleven species of smartweed seeds were found in 
the stomachs of the lesser scaup ducks examined. The species of most fre-
quent occurrence was water pepper (Polygonum hydropiper) which ap-
peared in 155 of the stomachs. Next in importance was the dockleaved 
smartweed (P. lapathifolium), the seeds of which were present in sixty-
nine. Others identified were arrow-leaved smartweed (P. sagittatum) and 
mild water pepper (P. hydropiperoides) found in sixteen each, one of 
which contained 9,840 seeds of the latter plant. Water smartweed (P. 
amphibium) was identified in nine, and other species in smaller numbers. 
Smartweed seeds not further identified were found in thirty stomachs. 
The seeds of waterlilies (Nymphaeaceae) averaged two per cent of 
the food. The stomachs of thirty-five lesser scaup ducks contained the seeds 
of water shield (Brasenia schreberi); eighteen were found to have eaten 
seeds of the sweet-scented water lily (Castalia odorata), and thirteen the 
seeds of spatterdock (Nymphaea admena). Seeds of the banana water lily 
(N. mexicana) were common items of food taken by the ducks collected in 
Florida. Six of them had partaken freely of this plant, one of which had 
eaten no less than 200 seeds. 
The water milfoil family (Haloragidaceae-.77 per cent) made up a 
large item of food of the ducks collected in Alabama, although it was found 
to be a rare source of food in other localities. Seeds and foliage of water 
milfoil (Myriophyllum spicatum) were taken from 115 stomachs and bottle 
brush (Hippuris vulgaris) from fourteen. Seeds of water milfoil (Myrio-
phyllum spp.) not further identified also occurred in fourteen. 
While eaten by the five species of diving ducks treated in this paper, 
coon tail ( Ceratophyllum demerswm-.63 per cent) was more frequently 
found in the stomachs of the lesser scaup duck than in any of the others. 
Both seeds and foliage were found in 247 stomachs of this species. 
Wapato or duck potato (Sagittaria latifolia) is a member of the 
family known as arrow-heads (Alismaceae-.49 per cent) all of which have 
large nutritious tubers. Five stomachs contained tubers and a few seeds 
of this plant. Arrow-heads (Sagittaria spp.), not further identified, were 
found in seven; while the tubers and seeds of water plantain (Alisma plan-
tago aqttatica and Alisma sp.) were found in ten stomachs. 
Bur reeds (Sparganiaceae) constituted .17 per cent of the food of the 
lesser scaup duck. Among the bur reeds were found Sparganium eury-
oorpum, identified in twenty-five stomachs, S. multipedunculatum in fifteen, 
and S. americanum in six. Next in importance were duckweeds (Lem-
naceae) which came in for an average of .08 per cent. Fourteen stomachs 
contained water meal ( W olffia pimctata and W olffia sp.) and five contained 
duck weed (Lemna sp.). Other plants that deserve mention are cleavers 
(Gnlium sp.), the seeds of which were found in forty-four stomachs; the 
seeds of bayberry (Myrica cerifera) in three, and Myrica sp. in thirty. 
Seeds of buttonbush ( Cephalanthus occidentalis), a crooked, stiff-branched 
shrub, were taken from five stomachs. Other seeds included in the list were 
those from dodder ( Cuscuta sp.), which occurred in eleven, pigweed (Che-
nopodimn sp.) and grape (Vitis sp.) in eight each. Seeds of composites not 
further identified were found in seventeen stomachs. 
TABULAR SUMMARY OF FOOD HABITS DATA 
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Redhead 358 90 .. 71 2.36 38.88 7.56 15.92 trace 9.84 2.2 1.46 12.49 9.16 6.52 3.53 .11 
Ringneck 657 93.23 8.35 16.12 2.69 1.84 11.66 11.29 15.32 6.9 19.06 6.66 5.25 1.40 .01 
Canvas-back 381 84.8 10.8 17.85 11.49 1.22 15.7 2.94 I 19.49 0.62 4.69 15.15 12.55 1.45 1.15 
3reater scaup 710 67.14 6.95 26.37 1.04 20.71 1.6 3.8 0.13 0.83 5.71 32.78 25.14 4.2 S.44 
Lesser scaup 1021 59.96 3.68 23.79 10.43 5.00 0.49 S.69 2.00 0.63 I 10.25 39.93 34.13 3.79 2.01 
REPORT ON FOODS OF GAME DUCKS 
Animal Food 39.93 per cent 
Mollusks (Mollusca) 34.13 per cent 
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The mollusks were an important item of food of the lesser scuap duck, 
for frequently the stomachs examined contained but little other food. The 
number of species of mollusks was proportionately greater in this duck 
than in any other treated in this paper. Sixty-nine species of mollusks 
belonging to sixty-five genera were identified in these stomachs. This type 
of food was commonly found in the stomachs from Klamath Falls, Oregon, 
and Louisiana. Unidentified ground up shells were present in seventy-
four and unidentified gastropods in sixty-one. The more abundant species 
were Fluminicola nuttalliana identified in twenty-eight, Oarinifex newberryi 
and Planorbis trivolvis in twenty each, and N eritina reclivata in fourteen. 
A stomach from Louisiana contained 1,575 shells of a small univalve (By-
thinella tenuipes). 
Miscellaneous Animal Food 5.8 per cent 
Insects (lnsecta-3.79 per cent) were common items of food although 
they were rarely taken in large quantities by the scaup ducks owing to the 
fact that most of the birds were taken in fall and winter, seasons when in-
sects are not much in evidence. Nearly all of the insects were aquatic 
species, the beetles (Ooleoptem) being by far the most abundant of the 
forms represented. Next in importance were the dragon flies (Anisoptera), 
the nymphs occurring in 126 and the adults in twenty-six. Water boatmen 
(Oorixidae) were present in 149, and crawling water beetles (Haliplidae) 
in 102. Caddis-fly (Trichiptera) larvae and their cases were identified in 
seventy-three stomachs, and water striders ( Gerridae) in fifty. The flies 
(Diptem) were best represented by the larvae of the midges ( Ohironmnidae) 
found in forty stomachs and by the soldier flies (Stratiomyidae) in thirty. 
Only eight stomachs contained insects belonging to the order Hymenoptera. 
The crustaceans ( Orustacea-1.05 per cent) were rather poorly repre-
sented, the most common forms being ostracods, which were present in 
fifteen stomachs. Amphipods were eaten by twelve of the birds examined. 
Fourteen stomachs contained crabs, nine of which were mud crabs (Ne-
opanope t.exana sayi). 
Water mites (Hydrachnidae) were present in sixty-one stomachs, fresh 
water bryozoa (Phylactolaemata) in eight, fish bones, in eight, and spiders 
(Araneida) in six. 
From the data herein presented it. seems apparent that only a few 
families of plants furnish the bulk of the vegetable food for these five 
species of ducks. The pondweeds are by far the most important. As pre-
viously stated, undue importance may be given some items because of a 
large number of stomachs collected in some particular locality, for example, 
muskgrass, which stands second in the vegetable foods. Others taken widely 
over the country: water lilies, grasses (including wild rice), wild celery, 
frogbit and water weed, sedges, and coontail. Canvas-back an.d ringneck 
stomachs contained the only appreciable amount of wapatos. Sedges were 
fairly well represented, by their seeds, in the stomachs of ringnecks and 
redheads. 
In the animal food, mollusks form the most important group, but in 
some instances shells may have been taken for grit in lieu of gravel and 
sand. Since only a small number of stomachs was collected in the warmer 
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part of the year it is not surprising that insects made up such a limited 
proportion of the food. 
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BOBWHITE WINTER SURVIVAL IN AN AREA REA VILY 
POPULATED WITH GREY FOXES1 
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The data incorporated into this paper relate to an area of about five 
square miles which has been kept under observation from 1929 to 1933 in 
connection with studies on bobwhite quail (Coli nus virginianus) winter 
mortality. The area is east of Prairie du Sac, Wisconsin, and more or less 
typifies the hilly, partially wooded agricultural country of non-glaciated 
southwest Wisconsin, southeastern Minnesota, and northeastern Iowa. 
Wintering data on the Prairie du Sac quail populations dealt with 
have been published for three of the four seasons during which the studies 
have been carried on (Errington, 1933 c); the past season's work confirmed 
essentially the earlier findings and in addition was productive of other ma-
terial of quite exceptional ecological interest. Broadly the 1932-33 biotic 
situation differed from those of previous years in that there was present not 
only a quail population practically at maximum density for what may be 
termed the carrying capacity of the environment but also a most unusual 
abundance of grey foxes (Urocyon cine1·coargenteus). 
The fox population figures were arrived at through careful calculations 
made at times when good tracking snows permitted study of cruising ter-
ritories and individual habits. Quail censues were based upon direct 
enumeration of birds in coveys or groups of coveys (see Errington 1933 a; 
1933 c, for detailed description of technique). Field work was done mainly 
by Albert J. Gastrow, a resident of Prairie du Sac qualified by previous 
experience in the course of the Wisconsin quail investigation (Errington 
1933 c) to handle duties assigned. 
A fox density of 29 (27 greys, 2 reds) on 5 square miles or one per 
110 acres seemed reasonably correct for December, 1932. This density ap-
parently varied little during the winter except that the red foxes (Vulpes 
fufoa), either left or were killed by hunters as were at least two greys. Per-
haps, then, a total of 25 or one per 128 acres would represent a more nearly 
actual population for the winter. A composite of the initial quail censuses 
amounted to 406 birds for mid-December or one per 7.9 acres, which gives a 
fox-ouail ratio of around 1 :16. 
Such a ratio might logically lead one to look for a high ra+e of preda-
tion, particularly in an area supporting both quail and foxes in the densities 
indicated. Let us scrutinize the data available, not alone for the measure-
ment of fox depredations upon quail but for whatever glimpses of ecological 
significance we might be able to gain. 
The preying of foxes on Prairie du Sac coveys has not been readily 
traceable either through study of the food habits of foxes themselves or 
through the ''reading of sign'' about quail remains discovered in the wild. 
Local fox stomach and fecal material examined showed no bobwhite and 
in the four years that the area has been under observation, but twice ha~ 
sign been found diagnostic enough to point to foxes as primary killers, 
though plenty of instances of foxes scavenging upon quail carrion have been 
1 Journal Paper No. J121 of the Iowa Agricultural Experiment Station, Ames Iowa, 
Project No. 329. ' 
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noted. Hence, in. view of difficulties mentioned, it may be best to approach 
the problem by indirect means. 
Insofar as some of the quail territories were situated where they were 
rarely hunted over by foxes, a comparison of winter mortality rates in 
foxless and fox-occupied environments may bring out something. Food and 
cover notations will also be included in the covey group mortality data, as 
the character of the environment has a profound effect upon the incidence 
and severity of predation (Errington 1931 a; 1931 b; 1933 b; 1933 c; 
Leopold, 1933, chaps X to XII). 
The predator population, aside from the foxes was moderately high. 
Red-tailed hawks (Buteo borealis) were common, and Cooper's hawks 
(Accipiter cooperi) appeared in late winter. A pair of great horned owls 
CBubo virginianus) nested and one or two more frequented the area 
boundaries. There were also one or two barred owls (Strix varia) and 
several long-eared (Asio wilsonianus) and screech owls (Otus asio); un-
known numbers of weasels (Miistela), dogs and house cats. 
FOXLESS TRACTS 
Group I. Food: corn in shocks, but removed by late winter. Cover, 
excellent in quality but too far from feeding grounds. Count of 22 quail 
December 18; 20 on March 9; 17, March 23. Loss of 5 in 95 days. Evi-
dence that the ;March mortality (remains of one bird found) was due to 
food shortage combined with attacks by a Cooper's Hawk. 
Group II. Food, excellent (largely achenes of the lesser ragweed, Am-
brosia artemisiif olia, and soybeans). Cover deficient both as to distribution 
and quality. December 12, 28 quail; January 5, 25; February 14, 24; 
March 23, 22. Loss of 6 in 101 days. Quail represented in 5 of 50 pellets 
from a great horned owl stationed in the covey territory. 
Group III. Food, excellent (achenes of lesser ragweed and smart-
weeds, Po"{;ygonum) Cover good including a long brushy fence row ad-
jacent to food sources. December 9, 13 birds; April 1, 11. Loss of 2 in 113 
days. Remains of one bird hinted the work of a Cooper's hawk which had 
been seen about this time. 
Total mortality on the foxless tracts: 11 out of an original 63, or 
17.5% over an average period of 101 days. 
FOX-OCCUPIED TRACTS 
Group IV. Food and cover balance adequate. December 2, 21 birds; 
December 18, 22 (possibly influx of a survivor from V); March 22, 19. 
Loss of 2 (leaving out of consideration the one gained) in 110 days. 
Group V. Food excellent (corn and soybeans). Cover poor. Novem-
ber 26, 12 birds; December 18, 6; January 3, none left. Mortality probably 
not far from complete. One kill by great horned owl found, and another 
apparently by the same raptor. The rather small covey territory was 
ranged by 4 grey foxes and one red in mid-December. It may be remarked 
that the covey of corresponding position last winter likewise suffered virtual 
annihilation (Errington, 1933 c, group XXXII). This environment for 
quail is truly vulnerable, seemingly by reason of cover scarcity rendered 
acute by horned owl and fox pressure. 
Group VI. Food and cover adequate. December 16, 13 birds; March 
25, 11. Loss of 2 in 99 days. The covey in this territory last winter starved 
out (Errnigton 1933 c, group XLII). This season corn left in shocks made 
the land quail-habitable. 
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Group VII. Food excellent (popcorn and ragweed). Cover good. 
December 16, 49 birds in 3 coveys (21 + 12 + 16) ; January 27, 47 (19 + 
11 + 17) ; February 18, 45 (18 + 13 + 14); March 25, 44 (16 + 13 + 
15). Loss of 5 in 99 days. Fox population very heavy in the general 
territory of the three coveys. 
Group XIII. Food (soybeans and ragweed) and cover balance good. 
November 26, 33 birds in 2 coveys (18 + 15); February 14, 33 (coveys, 
after continual interchange of members, had combined); March 21, 29 (16 
+ 13). Loss of 4 in 115 days. One bird taken by a horned owl; another 
seen in possession of a red-tailed hawk but feather evidence on a highway 
nearby may signify that the victim had first been struck by traffic. 
Group IX. Food (grain in a farmyard) and cover balance good. 
About 22 birds October 19; December 7, 21; January 27, 19; February 23, 
17; March 25, 17. Loss of 5 in 157 days. One killed by a grey fox; two by 
motor traffic. 
Group X. Food largely squirrel-opened acorns, also soybeans and rag-
weed. Cover only fair. November 9, 27 birds; December 20, 24; February 
14, 24; March 18, 22,; March 22, 21; April 1, 20. Loss. of 7 in 143 days. 
Bones of quail in 3 of 36 pellets from a pair of horned owls leaving con-
spicuous sign in the territories of groups VIII, IX, and X. 
Group XI. Food (soybeans and ragweed) and cover well balanced. 
December 20, 41 birds in 3 coveys (18 + 14 + 9); March 22, 39 (15 + 14 
+ 10). Loss of 2 in 92 days. 
Group XII. Food mainly ragweed and corn, supplemented by squir-
rel-opened acorns and some black locust beans. Cover very good, as a whole. 
December 12, 125 birds in 7 coveys (16 + 18 + 21 + 26 + 12 + 14 + 
18); January 28, 117 (16 + 14 + 19 + 21 + 12 + 13 + 22); March 28, 
111 (16 + 13 + 18 + 19 + 11 + 12 + 22). Loss of 14 in 104 days. 
Total mortality on the fox-occupied tracts: 53 out of an original 343, 
or 15.5 per cent over an average period of 107 days. 
From the data, then, we may-see that the presence or absence of foxes 
in various parts of the Prairie du Sac area did not appear to make any 
appreciable difference so far as net winter survival of the quail population 
was concerned; indeed the quail in foxless tracts lost at a slightly higher 
rate than those living in territories fox-occupeid. 
This is not to be construed as meaning that foxes do not get quail or 
that the preponderance of quail losses from predation may, as a matter of 
course, be charged to the horned owl, the Cooper's hawk, or some other 
mammalian or avian predator species present in the area. Nor is -0ne to 
gain the impression that the pressure of specific predators may be expressed 
as constant values in the bobwhite environmental equation, irrespective of 
what constancy there may be, however, in net predator pressure for the 
aggregate of species and upon given quail densities living in habitats of 
given quail carrying capacities. 
Predation being largely dependent upon availability of prey (Erring-
ton 1932; 1933 b; McAtee, 1932), which is in turn conditioned by the prey 
species abundance, conspicuousness, escape facilities as well as 1heir size, 
strength, agility, and alertness, we can readily appreciate that the capture 
of a quail by most predator species, especially mammals and slower hawks, 
is hardly as simple as the capture of a mouse or a rabbit. The bobwhite is 
prized by hunters for its sporting qualities-hiding ability and explosive, 
skillful flight and is adept at taking care of itself individually under favor-
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able living conditions; winter vulnerability of vigorous, seasoned popula-
tions to predation may be said to reflect more than anything else inadequacy 
of environment to accommodate existing densities. 
The relatively high average 15.8 per cent loss suffered by the Prairie 
du Sac quail (winter losses for strongly situated populations personally 
studied have rarely exceeded 6 per cent) merely make manifest the top-
heavy status of the population. The predation loss for the winter of 1931-
'32 was carefully computed at 15.3 per cent for the same area and for the 
similar density of a quail per 8 acres. 
This indicates that the greater vulnerability of the population is cor-
related with population density and environmental carrying capacity much 
more than with the predators that happen to be co-occupants of the area. 
In view of the fact that predation loss rates and bobwhite densities have 
been not far from identical during two consecutive winters, while the com-
position of the predator factor (compare with Errington 1933 c, area "G") 
has differed materially, we may even incline toward a thesis that, within 
ordinary limits, the kinds and numbers of native flesh-eaters may not be of 
much consequence in the winter survival of wild northern bobwhite popula-
tion. Additional data pertaining to this concept are being organized for 
later publication. 
North-central quail observational areas apparently are capable of 
wintering only about so many birds, their carrying capacities-high or low 
-varying according to food and cover combinations and the distribution 
of covey territories. If the environment is weak for the birds it has, the 
surplus has a way of becoming reduced; perhaps through the agency of 
horned owls, perhaps foxes, perhaps several species collectively, maybe 
through causes entirely unknown. At any rate, as long as there is a pop-
ulation surplus whatever may be its density level, its status is unstable and 
the aggregate pressure of the environment may be expected to force it 
down. 
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In 1928 Riker, Banfield, Wright, and Keitt (14) reported in a pre-
liminary article that hairyroot could be induced by an organism apparently 
distinct from Pseudom.onas tumef aciens Sm. & Town. At an ·earlier date, 
1911, Smith, Brown, and Townsend ( 22) stated that they had isolated an 
organism from hairyroot that seemed different from Ps. tumefaciens. They, 
however, called the hairyroot organism a strain of the crowngall organism, 
but suggested that later work might prove it to be a distinct species. Up 
to 1925, all malformations on the roots of apple trees were considered as 
crowngall. At this time and later, Rjker and Keitt (11) (13) and Muncie 
(8) showed that only a small percentage of the root knot on apples examined 
was true crowngall, and that the other was largely excess callus formation 
caused by poorly made grafts. Following this discovery, Riker and Muncie 
(12) recommended careful fitting of grafts, and Melhus, Muncie and Fisk 
(7) suggested the wedge graft for the control of callus knot. Further trials · 
reported by Riker, Keitt and Banfield (15) showed that a light grade of 
adhesive tape used as a wrapper for grafts was also beneficial in the control 
of callus knot. 
All of this work, however, did not explain such malformations as hairy-
root and woolly-knot found at the unions of piece-root grafted apple trees. 
As was previously reported, Riker, Banfield, Wright and Keitt (14) offered 
further evidence that hairyroot might be caused by an organism distinct 
from Ps. tumefaciens. In 1930 Muncie and Suit (9) confirmed Riker and 
his co-workers (14) in the opinion that hairyroot was induced by a seem-
ingly different organism, but refrained from naming the organism pending 
further studies. During the same year Riker, Banfield, Wright, Keitt and 
Sagen (16) presented more specific descriptive data and named the organ-
ism causing hairyroot, Phytarrwnas rhizogenes n. sp. 
On the other hand Siegler (17), (19), (20) maintained that the hairy-
root organism was Pseudarrwn.as tumefaciens and should be designated the 
apple strain. Brown (2) also showed that the apple strain of Ps. tume-
faciens produced hairyroot. In subsequent papers Siegler and Piper (18), 
(21) again maintained that Ps. rhizogenes is the apple strain of Ps. tume-
faciens. This uncertainty as to the identy of the pathogen causing hairy-
root made it seem advisable to make further study of the problem. 
1 From a thesis submitted to the Graduate Faculty of Iowa State College in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy. 
2 The writer is indebted to Dr. I. E. Melhus, under whose direction this work was 
done, for helpful criticism and suggestions throughout the course of these investigations. 
Grateful acknowledgement is due also Dr. C. H. Werkman of the Department of Bacter-
iology for helpful (suggestions with certain cultural studies. 
These studies have been carried out at Iowa State College in connection with the 
crowngall project in which the Crop Protection Institute, Iowa State College and the 
United States Department of Agriculture, Offiee of Horicultural Crops and Dis.eases, are 
cooperating. 
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The purpose of this paper is to present results of investigations made 
over a period of three years on the natural occurrence, host range, and 
specific differences of the hairyroot and crowngall pathogens, and on cer-
tain factors and conditions influencing the amount of hairyroot in so far as 
they contribute to a better understanding of crowngall and hairyroot as in-
duced by separate organisms. A tabulation of the differences attributed to 
Ps. tumefaciens and Ps. rhizogenes showed differences that seem to be suf-
ficient to justify the setting out of a new species. The difference in effect 
on the host as expressed in the symptoms, is not less significant than the 
differences found in the cultural response. With one organism galls are 
formed and with the other only hairyroot develops. 
DISTRIBUTION AND PREY ALENCE OF HAIRYROOT 
Hairyroot~ is most noticeable on one-, two- and three-year-old nursery 
apple trees. As far as records are available nothing is known about the 
prevalence of ha.iryroot on a large number of varieties of apple and other 
species of plants grown in the nursery. 
SURVEY OF APPLE VARIETIES 
The results of a survey of 20 varieties of apple are presented in table 1. 
This survey was made during the fall of 1929 and 1930 at nurseries in five 
states. The results show that the percentage of hairyroot varies from 1.7 
per cent on Delicious apple in Kentucky to 45.2 per cent on Wealthy apple 
in Oklahoma. Hairyroot was found on apple trees in each of the five states. 
A higher percentage of hairyroot was found in Kansas and Oklahoma than 
in Iowa, Kentucky, and Nebraska. It is probable that a longer growing 
period together with a more rapid growth of the tree is conducive to the 
presence of a larger amount of hairyroot in the southern part of the country. 
It is shown also that the percentage of hairyroot on two-year-old trees is 
3 An examination of many apple trees in a number of nurseries indicated that several 
forms of hairyroot existed. Three forms contridered to be induced by Ps. rhizogenes are 
( 1) clusters of :fleshy roots, ( 2) woolly knots, and ( 3) clusters of short rootlets on aerial 
parts of the trees. 
Form ''A'' hairyroot is fleshy rooted without a noticeable swelling. When young, 
this formation is a slight, soft swelling, which develops into the fleshy roots, and occurs 
only at the point .of inoculation. A fully developed specimen of form ''A'' hairyroot 
has many :fleshy roots, which may be eight to 10 inches long. Thfs symptom almost al-
ways lasts throughout the first season. Typical specimens are shown in Plate I-A. When 
occurring naturally, this form is, in most catses, found on the underground parts of the 
tree, either at the union or at the crown. 
Form '' B'' hairyroot occurs on the underground parts of the tree and is normally 
found at the graft union during the second growing season of the tree. When trees 
have been inoculated the growth is found at the point of inoculation. Form "B" hairy-
root corresponds to the "hairy" or "woolly" knot of many writers. A distinct swell-
ing is present, which is variable in size and shape sometimes three or more inches in 
diameter. The surface of the swelling is covered with a corky layer, and is somewhat 
convoluted. The texture is variable but most frequently it had a hard woody interior 
and a soft outer layer. From this swelling arise many roots, which are fibrous, branched, 
and sometimes two feet long. Form '' B'' is llhown in Plate I-B. 
Infection on the aerial parts of a tree shows as form "C". This symptom is usually 
found on the parts .of the host above ground. In appearanee, form "C" is a hemi-
spherical swelling, which may be elongated. This swelling is soft and usually brownish 
in color. It is made up of numerous rootlets about one or two millimeters long. When 
put under favornble conditions these rootlets will grow and become fleshy. Form '' C'' 
hairyroot, induced by inoculating Ps. rhfoogenes into dwarf stone tomato, is shown in 
Plate VI-A-B. 
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practically the same as that on two-year cut-back trees when results for the 
same year are compared. 
From this survey of 20 of the leading varieties of apple, it is apparent 
that they differed widely in the amount of infection. The Wealthy showed 
the most infection, averaging about 25 per cent hairyroot. Yellow Trans-
parent, Duchess and Gano are also varieties that appeared to be quite gen-
erally infected. The variety showing the least infection was the Stayman 
which averaged about five percent hairyroot. The varieties Delicious and 
Jonathan also were low. 
In examining table 1 for the prevalence of the different forms of hairy-
TABLE 1. Results of sWNJeys at 'WUrseries t.n fi!Je states to deteriMne the di&tributt.on. 
and pre1Jalence of hairyroot ,on different 1Jarieties of apple trees. 
State 
Kentucky 
" 
" 
" Oklahoma 
" 
" 
" 
" Kansas 
" 
" Nebraska 
" 
" 
" 
" 
" 
" 
" Iowa 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
Variety 
. . Delicious 
Grimes Golden 
Stayman 
Wealthy 
Baldwin 
Mcintosh 
Jonathan 
Winter Banana 
Wealthy 
" Yellow Transparent 
N. W. Greening 
Wealthy 
Whitney 
Yell ow Transparent 
Duchess 
Wolf River 
Winesap 
Stayman 
Wealthy 
Pewaukee 
Bayfield 
Jonathan 
Delicious 
Red Astrachan 
Ben Davis 
Gano 
Wolf River 
Wealthy 
" 
Duchess 
Whitney 
Yellow Transparent 
Age 
2 yrs 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 2 yr.-cut-back 
" 
" 
" 
" 
" 
" 
2 yrs. 
" 
" 2 yr.-cut-back 
" 
" 
" 
No. ob-
served 
355 
484 
626 
428 
271 
143 
129 
196 
243 
2913 
2901 
968 
1403 
1296 
1127 
287 
702 
1104 
1149 
959 
434 
394 
429 
457 
539 
508 
511 
803 
1632 
1104 
1113 
521 
9'10 
Percen-
tage 
hairy-
root 
1.7 
4.1 
4.6 
10.9 
34.6 
32.8 
31.7 
31.1 
45.2 
24.7 
17.4 
29.6 
5.8 
5.0 
4.4 
10.1 
12.9 
10.1 
6.8 
32.4 
17.9 
8.6 
4.4 
7.4 
12.2 
18.3 
23.4 
3.3 
4.1 
33.2 
31.9 
21.1 
32.6 
Trees with 
hairyroot 
dA"lnnn 
3 
6 
8 
15 
23 
17 
11 
23 
41 
216 
167 
83 
30 
25 
23 
14 
23 
37 
24 
111 
31 
12 
7 
15 
27 
36 
47 
11 
32 
145 
97 
43 
102 
3 
14 
21 
32 
71 
30 
30 
38 
69 
505 
339 
204 
52 
41 
27 
15 
68 
75 
55 
200 
47 
22 
12 
19 
39 
57 
73 
16 
35 
222 
194 
67 
195 
Year 
1929 
" 
" 
" 
" 
" ,, 
" 
" 1930 
" 1929 
1930 
" 
" 
" 1929 
" 
" 
" 1930 
" 
" 
" 
" 
" 
" 
" 
" 
" 
1929 
" 
" 
root, it is found that form "B" predominates at the time the trees are dug 
at the nursery. A comparison of forms ''A'' and '' B '' hairyroot shows that 
about one-third of the hairyroot present on apple trees is of the current 
season infection, or form ''A.'' 
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Relation of wooll;y aphid injury to prevalence of hairyroot 
A limited amount of data has been obtained which suggests a possible 
relationship between the presence of woolly aphid injury and hairyroot. 
These data are shown in table 2. With the exception of the data on apple 
seedlings, all results were obtained by nursery surveys made during the 
fall of 1930. The most direct evidence of an increase of hairyroot caused 
by woolly aphid injury was obtained in the study on two-year apple seed-
lings. In this case only 2.6 per cent of seedlings free from woolly aphid 
had form ''A'' hairyroot. The seedlings which were infested with woolly 
aphids showed 24.4 per cent of the seedlings with form "A" hairyroot. 
The data in table 2 show that as the percentage of trees infested with woolly 
aphids drops, the amount of hairyroot decreases. Plate II-A shows a typical 
example of hairyroot associated with woolly aphid injury, from which Ps. 
rhizogenes was isolated. 
TABLE 2. .Relati-On of woolly aphid (Eri.-Osoma kzmigera) injwry to the purcentage of 
form ''A'' hairyroot foond Qn apple trees. 
P ercent- No. Percent-
State Apple varieties age of No. ob- hairyroot age of 
woolly served form "A'' hairyroot 
aphid I 
Iowa Two-year apple seedlings* None 300 8 2.6 
" 
,, 
" 
,, ,, 100 450 110 24.4 
" Red Astrachan 20 539 66 12.2 
" 
Ben Davis 30 508 93 18.3 
" Gano 40 511 120 23.4 
" 
Jonathan 3 429 19 4.4 
" 
Wealthy 3.5 1632 35 2.1 
Kansas " 14 2913 216 7.4 
" 
Yellow Transparent 4 2901 167 5.7 
Nebraska Wealthy None 1403 29 2.1 
" Yellow Transparent " 1127 23 2.0 
*The data on apple seedlings were obtained from plantings on the experimental plots 
at Ames, Iowa. 
SURVEY OF OTHER NURSERY STOCK 
Since hairyroot was found to be so prevalent on nursery apple trees, it 
seemed worthwhile to observe the condition of other nursery stock. Most of 
the data were obtained in the field as the stock was being dug ; although, in 
a few cases notes were taken after the plants had been placed in storage. A 
list of the hosts examined and the results obtained is given in table 3. Hairy-
root was found on snowberry, honeysuckle, two species of Spiraea and the 
floribunda crab, the percentages of infestation ranging from 1.5 to 4.2. 
The hairyroot found on snow berry resembled somewhat the form '' B '' 
hairyroot. An hemispherical swelling about one-half to three-fourths of 
an inch in diameter with a hard woody interior occurred on the main root 
from which clusters of four to eight fibrous rootlets originated. In the case 
of honeysuckle, the nodes of the underground stem were somewhat enlarged 
and in this tissue a number of small roots originated. The two species of 
Spiraea bore hairyroot which was practically the same in appearance. This 
hairyroot was of two different forms. Both forms occurred on the under-
ground parts. One form was characterized by numerous small, fibrous roots 
coming from a point on the main root, while the other form had a small 
PSEUDOMONAS RHIZOGENES, HOST RELATIONS AND CHARACTERISTICS 135 
swelling, about one-half inch in diameter, from which the numerous fibrous 
roots originated. It was considered that these symptoms were the same, ex-
cept that the form having the swelling was older. Plate II-B shows hairy-
root as it occurs on Spiraea. · 
TABLE 3. llesults of 8'1M'f!eys at wurseries m Iowa a1td Nebrask!a to determine the oo-
currenoe of hailryroot upon general wursery stock m 19£9 and 1930 
Host 
Hydrangea arborescens L. 
Lilac (Syring;a f!ulgaris L.) 
Euonym1i.s atriopurpureus Jacq. 
Cornus stolonifera Michx. 
Symphoricarpus racemosU8 Michx. 
Spiraea f!anhouttei Zabel. 
Spiraea prunifolia Sieb. & Zucc. 
Lonicera tartarica L. 
Plum seedlings (Prunus dmnestica L.) 
Honey locust seedlings ( Gleditsia triaoamthos L.) 
Ash seedlings (Fraxir11U.s americana L.) 
American elm seedlings ( Ulmu.s americana L.) 
Mulberry seedlings (Moru.s alba L.) 
Cotoneaster seedlings ( Cotuneaster aouminata Lindl.) 
Caragana seedlings ( Caragana arb orescens Lam.) 
Russian olive seedlings (Elaeagnus angU8tif,olia L.) 
Peach seedlings (Prunu.s persica Sieb. & Zucc.) 
Latham raspberry (llubU8 idaens L.) 
Cumberland raspberry (Rubus occidentalis L.) 
Early Richmond cherry (Prunus cerasU8 L.) 
English Morello cherry ( Prunus cerll.S'lt.S L.) 
Floribunda crab (Pyn1s pulcherrilrna Aschers. & Graebn. ) 
I No. ob-1 No. plants I Percei;it-served with age with 
hairyroot hairyroot 
1000 
1000 
1000 
1000 
900 
925 
887 
780 
625 
520 
500 
500 
500 
500 
500 
500 
600 
520 
505 
530 
500 
470 
0 
0 
0 
0 
16 
26 
14 
25 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
20 
0 
0 
0 
0 
1.7 
2.8 
1.5 
3.2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4.2 
ASSOCIATION OF PSEUDOMONAS RHIZOGENES 
WITH HAIRYROOT ON NURSERY STOCK 
Various types of hairyroot formation were found upon snowberry, 
honeysuckle, Spiraea, and crab apple as well as on apple, and isolations 
were made from each of these plants to establish the infectious nature of 
hairyroot. Isolations were made also from hairyroot on different varieties 
of apple which had been collected in Kentucky, Oklahoma, Kansas, Nebraska 
and Iowa. 
METHOD OF ISOLATION 
The specimen was scrubbed in running water with a fairly stiff brush. 
The rootlets were then cut off at the base and the remaining overgrowth was 
flooded with alcohol which was allowed to burn off. Then, with a sterile 
scalpel, approximately one cubic centimeter of the corky layer :from which 
the roots arise was cut out. This piece was put into a sterile petri dish and 
five cubic centimeters of sterile water added. The tissue was finely macerated 
with a sterile scalpel and allowed to stand for one-half to two hours in the 
water, so that the bacteria might diffuse from the cut tissue. One cubic 
centimeter of the suspension was added to 30 cc. of bile agar as described 
by Patel (10) and incubated at 28°C. Typical colonies of Ps. rhizogenes 
usually appeared after two to four days incubation. Colonies of Ps. rhizo-
genes are similar to those of Ps. tumef aciens with the exception that they 
are inclined to be more opaque and of a whitish color, while those of Ps. 
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tumef aciens are translucent. Both organisms exhibit a darker center in the 
colony, but it is more pronounced in the case of Ps. tumef aciens. Out of 
thirty trials in which the hard woody interior of the form "B" hairyroot 
was used, the organism was recovered in only one case, and out of 30 trials 
on the corky layer of the same specimens, the organism was recovered in 
each case. 
The usual practice in the isolations was to make two distinct trials from 
each specimen and three plates of each trial. This made six plates repre-
sentative of the bacterial flora of the two pieces of a single hairyroot forma-
tion. After the usual incubation, two typical colonies were taken from each 
plate and transferred to peptone-dextrose agar slants, which were used as 
standard for stock cultures and transfer work. Thus it is seen that 12 cul-
tures were obtained from each normal hairyroot specimen. These twelve 
cultures were used as a source of inoculum for the inoculation of sugar 
beets. 
Sugar beet (Beta vulgaris L.) was adopted as a differential host be-
cause both Ps. tumef aciens and Ps. rhizogenes produce typical symptoms at 
the crown within one month. Siegler (19) and Muncie and Suit (9) have 
shown that this host is susceptible to both organisms. If, after one month, 
any of the inoculated sugar beets showed the formation of hairyroot, the 
culture used as inoculum was regarded as being Ps. rhizogenes. The results 
of isolations made during 1930 from five species of ornamental shrubs and 
eight varieties of apple are given in table 4. 
TABLE 4. :Results from mvestigati<Yns on the association of an organism with hakry-
root f<YWnd on certain hosts 
No. No. 
Presence of 
Host specimens isolations 
hairyroot Ps. tume- Ps. rhiz.o-
faciens genes 
Sy1nplwricarpus racemosus 16 32 0 0 
Spiraea 1Janhauttei 26 52 0 30 
Spiraea prunifolia 14 28 0 8 
Lcnicera tartarica 25 50 0 0 
Floribunda crab 20 20 0 20 
Duchess apple (Ia.) 6 12 0 12 
Ben Davis apple (Ia.) 4 8 0 7 
Grimes Golden apple (Ky.) 3 9 0 7 
Delicious apple (Ky.) 3 6 0 6 
Mcintosh apple (Okla.) 4 8 0 8 
Jonathan apple (Okla.) 3 6 0 5 
Winter Banana apple (Okla.) 3 6 0 5 
Wealthy apple Form A 125 250 0 241 
Wealthy aprile Form B 87 174 0 103 
HAIRYROOT ON DIFFERENT VARIETIES OF APPLE 
Isolations from form ''A'' hairyroot occurring on eight different varie-
ties of apple and one variety of crab, have yielded Ps. rhizogenes from 
every specimen. However, in a few cases, both trials from the same speci-
men were not positive. 
An isolation study was made of all hairyroot obtained throughout the 
year on Wealthy apple. Table 4 shows that when isolating from Form" A" 
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hairyroot, 241 out of a possible 250 isolations for Ps. rkizogenes were posi-
tive. In the trials on Form "B" hairyroot, only 103 out of 17 4 isolations 
were positive for Ps. rhizogenes. This shows that it is more difficult to 
isolate the causal organism from Form '' B '' than from Form ''A'' hairy-
root. In this study it was found that 25 of the Form "B" hairyroot were 
negative for both isolation trials, although organisms which resembled Ps. 
rhizogenes were obtained in some cases. An explanation of the negative 
isolation trials is not evident, although it is possible that the bacteria may 
have disappeared from these older growths. 
HAIRYROOT ON CERTAIN ORNAMENTAL SHRUBS 
Isolation trials on the hairyroot of ornamentals were variable. Table 4 
shows that Ps. rhizogenes was recovered only from hairyroot on the two 
species of Spiraea. The hairyroot on snow berry resembled Form '' B '' 
hairyroot. Colonies resembling Ps. rkizogenes were obtained from 12 of the 
snowberries but repeated inoculations into sugar beet gave only negative 
results. The symptoms of hairyroot on the honeysuckle occurred at the 
nodes and it is possible that this was not hairyroot. Sterile plates were ob-
tained from 20 of the honeysuckle specimens and bacteria from the other 
five; but only negative results were obtained from inoculations with these. 
In the case of the two species of Spiraea, an organism which caused 
hairyroot on sugar beet was isolated from several of the specimens. The 
trials on Spiraea vanhouttei gave 30 positive inoculations in 52. Sterile 
plates were obtained from three specimens, and apparently non-pathogenic 
organisms from five others. Therefore, of 26 growths obtained, 18 were 
shown to be caused by Ps. rhizogenes. The results of isolations from 14 
specimens of hairyroot on Spiraea prunif oUa showed Ps. rkizogenes in only 
8 of 28 trials. All the positive results were from four specimens. Seven 
specimens yielded no organisms and three others showed the presence of 
organisms, which resembled Ps. rhizogenes but were not pathogenic. 
The above studies indicated that Ps. rhizogenes was associated with 
hairyroot not only on the apple but also on other ornamental nursery stock. 
THE INFLUENCE OF ENVIRONMENT.AL AND HOST CONDITIONS 
ON INFECTION BY PSEUDOMON.AS RIDZOGENES 
Results of inoculations with the hairyroot organism over a period of 
two years were not always consistent. As an explanation for these differ-
ences was not forthcoming, a study was made of three factors that might 
cause this variation. 
RELATION OF ACIDITY OF HOST PLANT EXTRACT TO 
INFECTION BY PSEUDOMONAS RHIZOGENES 
A study was made of various hosts used for inoculation to determine 
the influence of acidity on the development of hairyroot symptoms. Herba-
ceous hosts were ground in a food chopper and the sap extracted at 10,000 
pounds pressure with a hydraulic press. In the case of the woody hosts, 
the live stems were ground in a Wiley mill and 20 cc. of conductivity water 
added to each 100 grams of ground substance. This was allowed to stand 
for 72 hours at l0°C. The liquid was then extracted and determinations 
made within one hour. All determinations of pH were made in duplicate 
from two separate samples, using the quinhydrone electrode. The pH value 
obtained for the different host extracts is shown in table 5. A comparison 
of values obtained does not indicate a relation between active acidity and 
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susceptibility of the hosts used except possibly in the case of the two varie-
ties of tomato, Bonny Best and Dwarf Stone. Form "C" hairyroot de-
veloped on the plants of the variety Dwarf Stone but not on those of the 
variety Bonny Best. 
INFLUENCE OF SOIL TEMPERATURE, RAINFALL, AND TIME OF 
SEASON UPON INFECTION BY PSEUDOMONAS RHIZOGENES 
During the summers of 1928 and 1929 various inoculation studies sug-
gested that certain environmental factors might have an influence on the per-
centage of hairyroot obtained. Consequently during the summer of 1930 a 
study was made of the soil temperature, rainfall, and time of season as they 
affected the percentage of hairyroot induced by Ps. rhizogenes when inocu-
lated into Wealthy apple grafts and peach seedlings. Soil temperatures 
were recorded on a Friez soil thermograph with the bulb buried four inches 
below the surface of the soil. The rainfall records were obtained from the 
TABLE 5. A oompalliscm of the aciiUty <>f host pl.am.t and tts S1'Soeptibtltty to Ps. 
rhizogenes 
pH value 
Host Sample 1 I Sample 2 I Average Pathogencity of Pa. rhizogenes 
=su_g_a_r~b-e-~e-t ___ __, __ 5'.39 5.44..,---'-----=-5 . ...,.41=---~--"'Ho;R=-+.,--:;-* ----
Paris daisy 5.62 5.37 5.49 HR+ 
Bryophyllum 5.13 5.40 5.26 HR+ 
Tomato, Dwarf Stone 5.54 5.48 5.51 HR+ 
Tomato, Bonny Best 6.2 6.0 6.1 0 
Peach seedling 5.13 5.14 5.13 HR+ 
Apple seedling 5.26 5.25 5.25 HR+ 
Mulberry seedling 5.38 5.34 5.36 HR-
Carangana seedling 4.87 4.87 4.87 HR-
Cotoneaster seedling 5.27 5.28 5.27 HR--
Russian olive seedling 5.21 5.28 5.27 HR+ 
Elm seedling 5.38 5.38 5.38 0 
Locust seedling 5.43 5.38 5.40 HR--
Ash seedling 4.80 4.81 4.80 0 
Snow berry 5.27 5.27 5.27 HR+ 
Honeysuckle 5.09 5.07 5.08 HR+ 
Spiraea t1anhoiittei 5.32 5.27 5.29 HR+ 
Wealt~Ul'P._le _ _ ___ 5._23 5.23 5.23 HR+ 
* The response from inoculations is indicated as follows: 
HR+ = highly pathogenic 
HR- = slightly pathogenic 
0 = no reaction 
Weather Bureau Sub-Station at Iowa State College. A combined summary 
of weekly rainfall and average weekly soil temperature is shown graphically 
in figure 1. The weekly soil temperature was obtained by averaging the 
temperatures obtained every two hours throughout the day and night. In 
the graph, the data given for each date are for the week following that 
date. It is to be noted that the rainfall from June 16 to September 25 was 
very slight with a heavy rain the week following September 22. The high-
est soil temperature occurred during the week of July 21. 
Inoculations were made on 15 Wealthy apple grafts and 15 peach seed-
lings at the beginning of each week, starting on June 16 and continuing 
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until .August 25 when the last series was made. Cultures No. 1 and 2 of 
Ps. tumefaciens and No. 9, 12 and 15 of Ps. rkizogenes were used in this 
.study. A summary of the results obtained from inoculation at weekly in-
tervals with these cultures, is given in table 6. Final notes were taken on 
October 23 and 24, 1930. 
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Fig. 1. Average weekly soil temperature and rainfall, June 9, to October 1, 1930 at 
the Experimental Plots, Ames, Iowa. 
TABLE 6. Pe'l'centage of mfeatWn, obtained from i'ILOaulation at week intervals of 
Wealthy apple grafts and peach seedings with Ps. twmef.aoiens and Ps. 
rhizogenes 
Date of inoculation 
Host Culture I July I June August 
rn I 2:J I :Jo I 1 I 14 I 21 I 2s I 4 I I1 I 25 
Wealthy apple 1- Ps. twm. 100 40 67 80 60 100 40 80 27 0 
" " 
2-
" " 
87 74 80 60 60 100 60 80 47 0 
" " 
9- Ps. rhiz. 100 100 100 87 80 47 60 80 0 0 
" " 
12- " " 100 100 100 100 80 100 74 80 0 87 
" " 
15-
" " 
100 100 100 100 67 100 80 80 0 80 
" " 
Ck. 0 0 0 0 0 0 0 0 0 0 
Peach seedling 1- Ps. twm. 87 100 100 87 100 100 100 100 100 100 
" " 
2- " " 100 100 100 100 100 100 100 100 100 100 
" " 
9- Ps. rhiz. 40 67 67 67 0 14 14 0 34 40 
" " 
12- " " 60 40 80 67 20 0 34 74 54 80 
" " 
15-
" " 
60 60 80 47 34 0 27 54 20 60 
" " 
Ck. 0 (I 0 0 0 0 0 0 0 0 
The results obtained from inoculations on Wealthy apple grafts are 
somewhat variable. Almost complete infection was obtained with Ps. rhizo-
genes to July 10. After this date, the results were variable and somewhat 
doubtful toward the latter part of August. The data strongly indicate 
140 R. F. SUIT 
that moisture conditions and growth rate of the host plant are more im-
portant factors in relation to the production of hairyroot by its causal 
organism, than is temperature. Figure 1 shows that the soil temperature 
during the latter part of August was approximately the same as in June 
when good infection was obtained. Also the percentage -0f hairyroot from 
inoculations made in July when the soil temperature was highest, was 
lower than in June and slightly higher than from the inoculations in 
August. From this study it seems that soil temperature is not a factor 
influencing hairyroot production by the causal' organism, under conditions 
of an extremely dry season. However, under conditions of a season with 
the normal supply of moisture, the soil temperature might be a factor. 
It would appear that moisture was a limiting factor. After July 14 
the top five inches -0f soil was so dry that it would not hold its shape when 
pressed into a ball. Later during August, the soil was powdery dry to a 
depth of nearly five inches. This lack of moisture may be the cause of 
the variation obtained from inoculations made during July and August. 
The inoculations were examined every two weeks. Very small rootlets 
about one or two millimeters long and typical of Form '' C '' hairyroot 
were the only symptoms until after the week of September 22 when 2.45 
inches of rain fell. This rain soaked the gr-0und and when final notes 
were taken on October 23 typical form "A" hairyroot was formed from 
every inoculation. Only short rootlets were present before the rain when 
the soil was extremely dry. 
The study made on peach seedlings gave practically the same results 
as that on apple except that the smallest percentage of hairyroot induced 
by Ps. rhizogene.s was during the time that the soil temperature was high-
est. Throughout the season the inoculations with Ps. tumef aciens on 
peach seedlings showed 100 per cent infection, except in two cases. 
These results tend to show that moisture is of prime importance in 
hairyroot formation by Ps. rhizogenes. The development of the host may 
have a secondary effect. Towards the latter part of the summer and fall, 
the trees are not in as rapid a state of growth and food manufacture as in 
the early summer and possibly not as susceptible. 
HOST RANGE OF PSEUDOMONAS RHIZOGENES 
Riker, and his co-workers (16) have reported positive results from 
inoculati-0ns with Ps. rhiz<>genes on tomato (Lycoperskon esculentum Mill.), 
tobacco (Nicotiana Tabacum L.), apple (Pyrus malus L.), rose (Rosa seti-
gera Michx.), honeysuckle (Lonicera Morrowi Gray), sugar beet (Beta 
vulgaris L.), bean (Phaseolus vulgaris L.) and Paris daisy (Chrysanthemum 
frutescens L.). In order to make a further study of the host range and to 
test the pathogenicity of Ps. rhizogenes obtained from two species of 
Spiraea, a series of inoculation studies were made in the greenhouse and 
field. 
SOURCE OF CULTURES AND METHOD OF INOCULATION 
The sources of the 19 cultures used in these studies are given in table 7. 
For inoculation purposes, only plants in good growing condition and 
free from disease were used. Inoculation was accomplished by taking some 
of the bacterial growth from an agar slant and pricking this mass of bacteria 
into the plant tissue. For this work a spear-point needle was found to be 
most satisfactory. All inoculations of herbaceous plants were made on the 
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stem internode with the exception of sugar beet, which was inoculated at 
the crown. All inoculations except those on sugar beet were put in a moist 
chamber for three days following the inoculation to allow the organism to 
become established. In the field, inoculations were made on other possible 
TABLE 7. Soorce of oultures of Pseudomonas rhizogenes, Pse'Udomo71as twmefaciens 
am.a Bacill!u.s radiobacter 'lloSed i1' inoculation studies 
Culture I Isolated 
no. Organism Host Location Date by 
1 Ps. tum. Apple Iowa 1926 Muneie 
2 " " " " 1925 Patel 3 " " " " " Muncie 4 " " Dahlia Indiana 1928 " 5 
" " 
Sycamore maple Michigan 1929 Suit 
6 Ps. rhiz. Duchess apple Iowa " " 7 " " Grimes apple Kentucky " " 8 " " Jonathan apple Oklahoma " 
,, 
9 
" " 
Wealthy apple Iowa " " 
10 " " Ben Davis apple " 
,, 
" 
11 " " Spiraea prunifolia " 1930 
,, 
12 " " " " " 
,, 
" 13 " " Spiraea 1!anhouttei. " " 
,,
14 " " " " " 
,, ,, 
15 " " " 
,,
" 
,, ,, 
16 " " Single cell isolation from #9 1930 " 17 
" " 
" '' ,, '' ,, " " 18 B. radio.* 1928 
19 " " " 
* From Dr. N. R. Smith, Bureau of Chemistry and Soils, U. S. Department -0£ Agri-
culture. 
hosts. The soil was usually removed from around the host and the inocula-
tion made three inches below the ground line. The soil was then replaced 
and the row of plants hilled up with a hand plow. 
INOCULATIONS ON HERBACEOUS PLANTS 
GROWN IN THE GREENHOUSE 
Inoculation trials on seven herbaceous hosts were carried out in the 
greenhouse and the results are tabulated in table 8. In examining table 8 
it will be noticed that all responses whether gall or hairyroot, are modified 
by a + or a - which, according to the footnote, denotes the percentage of 
hairyroot obtained, and helps to indicate the relative degree of pathogenicity 
of the respective culture. Thus a response modified by + indicates that the 
pathogenicity of the organism on that host is above average while a reaction 
modified by - denotes less than average pathogenicity. 
A greater number of sugar beets were inoculated than any other host, 
because they were used in determining the pathogenicity of the cultures 
isolated from different hosts. Typical symptoms of Ps. rhizogenes and Ps. 
tumef<J,Ciens on sugar beet are shown in Plate III-C. All cultures of Ps. 
tumef aciens and Ps. rhizogenes used gave over 90 per cent infection from 
more than 35 inoculations with each culture. Ba,cillus radiobacter gave no 
results. 
142 R. F. SUIT 
Siegler (17) has objected to the use of tomato (Lycopersicon esculentum 
Mill.) as a differential host for determining the pathogenicity of Ps. tume-
facien.s. However, a study of a few different varieties has given some in-
teresting results. The Bonny Best tomato which has a somewhat succulent 
stem has long been used in the greenhouse for crowngall inoculations. That 
some other variety would be better suited to greenhouse conditions was 
quite probable. It was finally decided that a dwarf variety of tomato such 
as Dwarf Stone which has a more stocky and woody stem could be more 
easily handled and be just as susceptible to infection. Table 8 shows that, 
with the Bonny Best tomato, visible infection by Ps. rhizogenes was not ob-
TABLE 8. Results of inoculation of se11en herbacequ,s plants with cult'l/ll"es of Pa. twme-
faciens, Ps. rhizogenes and B. radiobacter 
Culture 
1- Ps. twm. 
2-
" " 3- " " 
4-- " 
,, 
5- ,, ,, 
6- Ps. rhiz. 
7-
" " 8- " " 9- " " 10- " " 11-
" " 12-
" 
,, 
13-
" " 14-- " " 15- " " 16- " " 17-
" " 18- B. radio 
19-
" " Ck. 
Sugar 
beet 
G+* 
G+ 
G+ 
G+ 
G+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
0 
0 
0 
Tomato varieties 
Bonny 
Best 
G+ 
G+ 
G+ 
G+ 
G+ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
Dwarf 
Stone 
G+ 
G+ 
G+ 
G+ 
G+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
0 
0 
0 
Paris 
daisy 
G+ 
G+ 
G+ 
G+ 
G+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
Pr+ 
0 
0 
0 
* Response from inoculations is indicated as follows: 
Green pod 
string less 
beans 
G+ 
G+ 
G+ 
G+ 
G+ 
HR--
HR-
HR--
HR-
HR--
HR-
HR--
HR-
HR--
HR-
HR--
HR-
0 
0 
0 
G = Gall 0 = No infection 
Bryo-
phyllum 
G+ 
G+ 
G+ 
G+ 
G+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
0 
0 
0 
Coleus 
G+ 
G+ 
G+ 
G+ 
G+ 
Pr-
Pr-
Pr-
Pr-
Pr-
Pr-
Pr-
Pr-
Pr-
Pr-
Pr-
Pr-
0 
0 
0 
HR = Hairyroot + = Over 50 per cent infection 
Pr = Small rootlet - = Under 50 per cent infection 
tained, but that 100 per cent infection resulted when Ps. tumef acien.s was 
used. When the dwarf variety, Dwarf Stone, was used further evidence 
developed. Pscudomonas rhizogenes and Ps. tiirnefaciens both produced 
typical symptoms on this host. The galls induced by Ps. turnef acien.s were 
just as large as those formed on the variety Bonny Best. In the case of Ps. 
rhizogenes, a cluster of small rootlets (form "C" hairyroot) was formed at 
the point of inoculation as shown in Plate VI-AB. Both these varieties of 
tomato made no response to inoculations with Bacillus radiobacter. Dwarf 
Stone tomato stems having form '' C '' hairyroot were buried in sand, which 
had been steamed at 20 pounds pressure for six hours. These stems were 
examined after three weeks. It was found that each of the rootlets had 
grown and become true roots some of which were three or four inches long. 
A series of tomato stems bearing galls were also buried, but no roots de-
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veloped from the gall tissue. It would seem from these results that the 
Dwarf Stone tomato is as differential in its reaction as is the sugar beet, 
Paris daisy, or tobacco. . 
Since the first work on crowngall, the Paris daisy (Chrysanthemum 
frutescens L.) has been a host of recognized response to Ps. tumef aciens. 
Inoculations in the stem of Paris daisy showed typical crowngall and form 
'' C'' hairyroot when Ps. tumef aciens and Ps. rhizogenes, respectively, were 
used. No response was obtained following inoculation with B. radiobacter. 
Plate III-B shows the response of Paris daisy to the two organisms. A 
series of stems having crowngall and form '' C '' hairyroot were buried in 
steamed sand. Mter three weeks many roots were coming from the form 
'' C'' hairyroot and no roots could be found which were coming from the 
crowngall tissue. Plate IV-AB shows typical rooting which was obtained 
from form '' C '' hairyroot. 
Green pod stringless beans (Phaswlus vulgaris L.) were inoculated at 
the nodes with the various cultures. Typical galls were produced by all 
cultures of Ps. tumef aciens used. Results from trials with Ps. rhizogenes 
gave hairyroot with every culture used, but the percentage of infection was 
rather low and the swelling that accompanied the hairyroot symptom was 
quite pronounced. 
Bry<YphiylZum wlycinum Salish. will root more rapidly than most com-
mon greenhouse plants. For this reason, it was used to determine the rela-
tion between the rooting occasionally found assooiated with crowngall and 
that rooting caused by Ps. rhizogenes. All cultures of Ps. tumef aciens and 
Ps. rhizogenes produced typical symptoms on this host. In one series of 
inoculations, the plants were watered heavily every day. The results ob-
tained from this series are shown in Plate III-A. Good rooting was caused 
by Ps. rhizogenes inoculated in the internode. In the case of crowngall, no 
rooting was obtained, either from the gall tissue or from the host tissue im-
mediately surrounding the gall. A second series of plants were watered 
every other day. At the end of the experiment galls without rooting had 
been induced by Ps. tumef aciens. The wound at the point of inoculation 
with Ps. rhizogenes resembled the check punctures. These stems were then 
buried in steamed sand for three weeks. The check stems showed rooting 
only from the nodes and none from the sterile inoculation on the internode 
as is shown in Plate IV-BA. Results obtained from the stems inoculated in 
the internode with Ps. rhizogenes showed good rooting at the place of in-
sertion of the organism as is shown in plate IV-AA. No rooting originated 
in the crowngall tissue on the galled stems, although good rooting was ob-
tained from the host tissue immediately surrounding the galled area. 
Coleus blumeli Benth. was not as susceptible to Ps. rhizogenes as the 
other hosts used in the greenhouse inoculations. All cultures of Ps. tume.-
f aciens induced galls on the internode of Coleus. The inoculations with Ps. 
rhizogenes gave a low percentage of positive results. Short rootlets were 
produced on each plant inooulated, but not at every place of inoculation. 
The stems were buried in steamed sand for three weeks and no rooting was 
found in connection with the gall formations. 
From the ease with which comparatively normal rooting developed 
from form '' C'' hairyroot, it was thought that Ps. rhizogenes might stim-
ulate the rooting of cuttings, and thus be put to practical use. 
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INOCULATION OF HERBACEOUS AND HARDWOOD CUTTINGS 
WITH PSEUDOMONAS RHIZOGENES 
The readiness with which Ps. rkizogenes produces hairyroot on grow-
ing hosts indicates a possibility of root stimulation on cuttings, although 
Siegler (20) reports that the apple strain of Ps. tumefaciens inhibits root 
formation on very young apple seedlings and apple root sprouts. 
A study was made of the reaction of cuttings of Bryophyllum, Paris 
daisy, and coleus to inoculation by Ps. rkizogenes. The cuttings were inocu-
lated by needle punctures at the base using two cultures of Ps. rkizogenes, 
one isolated from apple and one from Spiraea van1wutfoi. After the cut-
tings were inoculated they were placed in steamed sand and allowed to grow 
for 30 days. Table 9 gives the results of two series of inoculations with the 
three kinds of cuttings. A marked stimulation of rooting occurred in the 
Bryophyllum cuttings. Plate V-A shows Bryophyllum cuttings which were 
selected at random from the flats after 25 days. In the Paris daisy cuttings 
there was also a difference in favor of those inoculated, but it was not as 
marked as in the Bryophyllum cuttings. Pseudomonas rkizogenes had little 
effect on the Coleus cuttings. This may be due to its resistance to the 
hairyroot organism . 
TABLE 9. .Results of moculating Ps. rhizogenes tn.to the base of herbaceous cuttings 
Number of cuttings with root development 
Cutting Culture No. 
None Slight Fair Good 
Bryophyllum Check 120 20 50 55 6-
" 
7 120 0 18 29 73 
" 
14 120 0 8 26 86 
Paris daisy Check 100 28 15 25 32 
" " 
7 100 15 21 24 40 
" " 
14 100 14 0 38 48 
Coleus Check 80 0 0 6 74 
" 
7 so 0 0 7 73 
" 
14 so 0 0 6 74 
The results obtained with herbaceous cuttings led to trials with hard 
wood cuttings. Cuttings of Wealthy apple, Spiraea van1wuttei, and one-
year apple seedling were inoculated in the same manner as the herbaceous 
cuttings-by needle puncture at the base of the piece. All material was 
obtained in the fall of 1930 and put into storage until January. The cut-
tings were made from six to eight inches long, and surface disinfected with 
mercuric chloride, while the top was dipped in paraffin to prevent the dry-
ing of the tissue. After inoculations, the cuttings were set in steamed sand 
in the cutting bench. After 50 days had elapsed, notes were taken on callus 
and root development. The results of this experiment are given in table 10, 
and show that no inhibition of rooting occurred. In general the cuttings 
which showed pronounced callus formation would have been expected to 
root if given more time. In examining the callus formed on the different 
groups of cuttings, several distinct differences were noticed. Of the apple 
seedlings, 21 of the check cuttings developing callus showed a distinct 
browning of the callus, while the callus of the inoculated cuttings was light 
colored and seemingly in a healthier condition. 
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TABLE 10. EeB'Ults of inoculatWl.g Ps. rhizogenes into the base of hardwood ~ttwgs 
to stimulate their rooting 
Cuttin~ 
One-year-apple seedling 
" " 
" 
Wealthy apple 
" " 
" " 
" 
Spiraea 11an1wu.ttei 
'' " 
'' ,, 
* Small rootlets present. 
Culture 
Check 
7 
14 
Check 
7 
14 
Check 
7 
14 
No. 
100 
100 
100 
100 
100 
100 
100 
100 
100 
Dead 
0 
0 
0 
15 
23 
32 
38 
37 
29 
Number of cuttings 
Good I Slight I No. 
callus callus callus 
23 
0 
4 
9 
3 
10 
14 
12 
11 
34 
25 
24 
36 
17 
17 
15 
10 
14 
16 
34 
38 
40 
43 
31 
17 
14 
13 
Rooting 
27 
41 
34 
0 
14* 
10* 
16 
27 
33 
Pseudomonas rhizogenes isolated originally from Spiraea vanhouttei 
caused more rooting of Spiraea cuttings than the culture of Ps. rhizogenes 
obtained from apple. Similarly Ps. rhizogenes from apple induced more 
rooting on the two kinds of apple cuttings than the same organism obtained 
from Spiraea. Plate V-B shows the rooting obtained on cuttings of Spirae,a 
vanhouttei. A limited number of isolations have been made from the base 
of the inoculated cuttings which showed the best rooting and Ps. rhizogenes 
was recovered in each case, while isolation trials from the rooted check 
cuttings showed negative results. A distinct stimulation of rooting occurred 
in all cuttings used except Coleus. This would indicate that microorganisms 
may play some part in the rooting of cuttings. 
INOCULATION OF ORNAMENTAL SHRUBS, WEALTHY APPLE 
GRAFTS, AND DECIDUOUS TREE SEEDLINGS 
After obtaining the reaction of the various cultures of Ps. rhizogenes 
on greenhouse plants, it seemed advisable to determine their pathogenicity 
on the original hosts and other possible hosts under field conditions. For 
this study the same 19 cultures used in the greenhouse trials described in 
an earlier part of this paper were employed. At least 25 plants of each 
host were inoculated with each culture, except numbers 16 and 17, which 
were inoculated only on Wealthy apple grafts. Since the summer of 1930 
was extremely dry, it is believed that these inoculations are more nearly an 
accurate test of the pathogenicity of the cultures than they would have been 
if the usual amount of moisture had been present. The results of the field 
inoculations are given in table 11. 
Each culture was inoculated into 50 Wealthy scions of the current sea-
son's grafts. The results obtained showed that all cultures of Ps. tuma-
f aciens andPs. rhizogenes were pathogenic on Wealthy apple. No reaction 
was obtained with the cultures of Bacillus radiobacfor. Form ''A'' hairy-
root produced on Wealthy scion by Ps. rhizogenes is shown in Plate VI-BA. 
The results with Spiraea vanhouttei were variable. Only one culture 
of Ps. rhizogenes isolated from apple was distinctly pathogenic on this host, 
while the cultures of Ps. tumefaciens and cultures No. 6, 7, and 8 were 
TABLE 11. Re&Ults of i-Mcu.lation of ornamental shrubs, Wealthy apple grafts, and clecidluous tree seecllilngs with Pseuclomon.as twmefa<Yiens, 
Ps. rhizogenes and Bacillus racliobaoter 
Ornamentals 
Culture 
1- Ps. tum. 
2- " " 
3- " " 
4- " " 
5- " " 
6- Ps. rhiz 
7- " " 
8-- " " 
9- " " 
10-- " " 
11- " " 
12- " " 
13- " " 
14- " " 
15- " " 
16- " " 
17- " " 
18- B. radio. 
19 " " 
Ck. 
Wealthy 
apple 
G+* 
G+ 
G+ 
G+ 
G+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR-
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
0 
0 
0 
Spiraea 
van-
houttei 
G-
G-
G-
G-
G-
HR-
HR-
HR-
HR+ 
0 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
0 
0 
0 
Honey-I 
suckle 
G+ 
G+ 
G+ 
G+ 
G+ 
HR+ 
HR+ 
HR+ 
HR+ 
0 
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
0 
0 
0 
Snow-
berry 
G+ 
G+ 
G+ 
G+ 
G-
HR-
HR-
HR-
HR+ 
HR-
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
0 
0 
0 
Response from inoculations is indicated as follows: 
G =Gall 
HR = Hairyroot 
+ = Over 50 per cent infection 
- = Under 50 per cent infection 
0 = No infection 
Apple 
G-
G-
G-
G+ 
G+ 
HR+ 
HR+ 
HR-
HR+ 
HR-
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
0 
0 
0 
Elm 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Locust 
0 
0 
0 
0 
G-
0 
0 
0 
HR-
0 
0 
0 
0 
HR-
HR-
0 
0 
0 
One-year-old seedlings 
Ash 
0 
0 
0 
() 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Mul-
berry 
0 
0 
0 
G-
G+ 
0 
0 
0 
HR-
0 
0 
HR-
0 
HR-
HR-
0 
0 
0 
Peach 
G+ 
G+ 
G+ 
G+ 
G+ 
HR-
HR-
HR-
HR+ 
HR-
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
0 
0 
0 
Cara-
gana 
G-
G-
G-
G-
G-
0 
0 
0 
0 
0 
HR-
HR-
HR-
HR+ 
HR-
0 
0 
0 
Russian 
olive 
G+ 
G+ 
G+ 
G+ 
G+ 
HR+ 
HR+ 
HR+ 
HR+ 
HR-
HR+ 
HR+ 
HR+ 
HR+ 
HR+ 
0 
0 
0 
Coton-
easter 
G-
G-
G-
G-
G-
HR-
HR-
HR-
HR-
HR-
HR-
HR-
HR+ 
HR+ 
HR+ 
0 
0 
0 
?l 
::;i 
~ 
.... 
r3 
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moderately pathogenic, culture No. 10 giving no reaction. On the other 
hand, Ps. rhizogenes isolated originally from Spiraea was highly pathogenic, 
typical hairyroot resulting in each case. Hairyroot formed on Spiraea 
vanhouttei is similar to that on peach seedlings as shown in Plate VI-BB. 
Inoculations on honeysuckle and snowberry showed that all cultures of Ps. 
tumef aciens and Ps. rhizogenes were pathogenic on these hosts. The patho-
genicity of the different cultures of Ps. rhizogenes from apple varied some-
what, while those from Spiraea were quite constant in their pathogenicity. 
This shows that these ornamentals are susceptible to infection by Ps. rhizo-
genes, although some of the isolation trials were negative with hairyroot 
found occurring naturally on these hosts. 
A series of nine different one-year-old seedlings from deciduous trees 
was inoculated with the cultures. The results obtained were quite variable. 
Table 11 shows that all trials on elm and ash seedlings were negative. 
Inoculations on locust, mulberry, and Caragana seedlings were more or 
less successful, although only a moderate amount of infection developed 
in these plants. Cultures 5, 9, 14 and 15 gave response on locust; cul-
tures 4, 5, 9, 12, 14 and 15 on mulberry; and cultures 1, 2, 3, 4, 5, 11, 12, 
13, 14 and 15 on Caragana. More positive results were obtained from inocu-
lations on apple, peach, Russian olive, and Cotoneaster seedlings. All cul-
tures of Ps. rhizogenes were highly pathogenic on apple seedlings except 
cultures 8 and 10 which were moderately so. Plate I-A shows form "A" 
hairyroot on apple seedlings. The response on peach seedlings was constant 
for Ps. tumef aciens, variable for Ps. rhizogenes from apple, and constant for 
Ps. rhizogenes from Spiraea. Plate VI-BB shows typical hairyroot on 
peach seedlings. Russian olive seedlings were susceptible to infection. All 
the cultures except B. radiobacter induced typical symptoms in Cotoneaster 
seedlings. Isolations were made from the hairyroot induced on each host. 
The cultures of Ps. rhizoge;nes obtained from these isolation trials proved to 
be pathogenic when inoculated into sugar beet. 
Pseudonwnas rhizogenes usually produced a distinct reaction upon a 
host in four weeks, but the time required for the symptoms to appear varied 
on the different hosts. From observations, the age and condition of the 
host were factors influencing its susceptibility. Inoculations on young, 
rapidly growing sugar beets which have a crown about one-fourth inch in 
diameter, usually show hairyroot in 14 days. · On older beets, a 21 day 
period is more common. As a result of inoculation with Ps. rhizogenes, 
small rootlets appear on the stem of Dwarf Stone tomato in 21 days, as is 
also the case in inoculations on Bryophyllum. Usually 28 days were re-
quired for inoculations on Paris daisy to show the same symptoms. Inocu-
lations on Wealthy apple produced small soft swellings in 14 days, while 
Form ''A'' hairyroot developed in about 30 days. Thirty days were re-
quired for the appearance of symptoms on peach seedlings. 
SYMPTOMS INDUCED ON APPLE TREES 
Examination of many apple trees in a number of nurseries had indi-
cated that several forms of hairyroot could be found. The three forms 
treated in this paper as A, B, and C were considered to be induced by 
Pseudomonas rhizogenes. 
In order to determine definitely the hairyroot symptoms induced in 
apples by Ps. rhizogenes, a series of 500 Wealthy apple trees was inoculated 
with pure cultures of Ps. rhizogenes. Two hundred of the trees were inocu-
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lated in July, 1929, and the remainder in June, 1930. These trees were ob-
served at regular intervals throughout the summer of 1930 and it was found 
that Ps. rhizogenes induced three somewhat distinct forms of hairyroot 
which have been described in an earlier part of this paper as "A", "B", 
and'' C ''. Doubtless age and environment are the chief contributing factors 
in initiating these three classes. 
In connection with the study of the forms of hairyroot produced on 
apple trees, one series was measured to determine the possible injurious ef-
fects of hairyroot. Iakovleff (3) reported that although the first season's 
growth of infected grafts was retarded, the second season of growth was as 
good as the controls and in some cases even outstripped the latter. 
After examination of the trees to determine if the diseases were pres-
ent, preliminary measurements were made on June 20, 1930 and final 
measurements on October 20, 1930. The results of this study are given in 
table 12. From these data it is shown that the trees inoculated with Ps. 
rhizogene.s grew as much in caliper and height as did the normal trees. In 
fact there was no difference to be noticed between them in the experimental 
plots. In the case of the trees inoculated with Ps. tumefaciens, the data 
show that only about one-third as much growth in height and one-half as 
much in caliper occurred as on normal trees. The trees inoculated with Ps. 
tumefaciens could easily be recognized when growing in the experimental 
plots because of their stunted size and lack of vigor. The trees in this ex-
periment were dug on October 25, 1930, and examined. The normal trees 
were free from hairyroot and crowngall. The trees inoculated with Ps. 
tumef aciens had typical soft galls from one and one-half to three inches in 
diameter with no roots coming from the gall tissue. The trees inoculated 
with Ps. rhizogenes showed form "B" hairyroot in every case. 
TABLE 12. The effect of Pse-udo1n<ma8 rhizogenes and Ps. twmefaciens on the growth 
in height and oaliper of Wealthy apple trees at the experimental pwts, 
A.mes, Iowa 
Increase 
Treatment 
No. 
trees Height in inches Caliper in 1/16 inches 
Lea~ Most I Average Least Most I Average 
Normal 
60 _ _ 
14 23 
Inoculated with 
Ps. tumefactens 30 0 14 
Ps. rhfaogenes 32 13 29 
Note: First measurements - June 20, 1930 
Final measurements - Oct. 20, 1930 
Inoculations - July 30, 1929 
17.25 2 4 
7.5 0 3 
17.07 2 5 
THE RESPONSE OF PSEUDOMONAS RHIZOG'ENES TO CERTAIN 
MORPHOLOGICAL AND PHYSIOLOGICAL TESTS 
3.03 
1.5 
3.07 
The pathogenicity of the various cultures of Ps. rhizogenes having been 
established, as recorded in the preceding chapters, it seemed desirable to 
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study their carbon metabolism, flagellation, thermal death point, reaction 
on certain special media, and the accumulation of metabolic products. 
METHOD OF PURIFICATION 
Each culture, except numbers 16 and 17, was purified twice by the 
dilution plate method and its pathogenicity established. 
Cultures 16 and 17 were the result of single cell isolation. The isola-
tion technique was essentially that given by Wright, Hendrickson, and 
Riker (23). Isolations were made with the Chamber's micro-manipulator 
and because of limited time, trials were made from only one culture, Ps. 
rkizogenes No. 9. Two single cell cultures were obtained from this mother 
culture and were given numbers 16 and 17. The response of these two 
cultures when inoculated into different hosts has been given. In making 
the following studies, two series of three tubes each were used to obtain the 
data. The second series was always inoculated with the third subtransfer 
from the culture that was used for the first series. 
CARBON METABOLISM 
One of the principal means of distinguishing Ps. tumef a,ciens from Ps. 
rkizogenes has been their reaction on media containing various carbohy-
drates as sources of carbon. The cultures of Ps. rhizogenes isolated from 
apple and Spiraea were grown on eleven different carbohydrates and their 
reactions studied. 
The medium consisted of a one per cent peptone broth to which the 
desired carbohydrate was added. In all cases 10 grams of the carbohydrate 
was used per liter of peptone broth. For the detection of acidity or al-
kalinity caused by growth of the organisms, a double indicator system was 
used; brom cresol purple, pH 5.4 to 6.8 and cresol red, pH 7.2 to 8.8. These 
indicators were made up in one per cent alcoholic solutions and one cubic 
centimeter of each was added to each liter of medium. The formation of a. 
yellow color in the medium is caused by acidity, while a purple color indi-
cates alkalinity. When sterilized, media containing galactose, arabinose, 
xylose or levulose became more acid. To test for gas production from 
growth on these 11 compounds, a small test tube 0.5 cm. x 5.0 cm. was in-
verted within the larger tube of medium. In all cases good growth occurred 
in the larger tube, but no gas was formed and no growth was observed with-
in the small inverted tubes. The reaction obtained for each culture when 
grown on the 11 different carbohydrate media is shown in table 13. These 
results indicate that cultures of Ps. rhizogenes differ from those of Ps. tume.-
f aciens by an acid reaction when grown in broth containing lactose, maltose, 
galactose, xylose, arabinose and levulose. Pseudomonas tumef a,ciens showed 
a slight acid reaction in dextrose, but Ps. rhizogenes developed a greater 
acidity. In the case of mannitol, sucrose, and raffinose no difference was 
found between the reactions of the two organisms. With salicin, however, 
more acid is produced by Ps. tumef aciens than by Ps. rhizogerws. Bacillus 
rooiobacter reacted the same as Pseudomonas tumefaciens in all carbohy-
drates except arabinose where it produced a slight acidity. It would seem 
from this study that Ps. rhizogenes from apple and Spiraea are practically 
identical in their carbon metabolism and that they can be distinguished 
from Ps. tumef aCJiens by the acid reaction produced in certain carbohydrate 
media. These results are in general agreement with the results of Riker 
et al. (16). 
I-' 
~ 
0 
TABLE 13. Reaction <>f five cultures of Ps. tuml}faciens, 1l aultures Ps. rhizogenes and two cultures of Bacillus radiobacter when grown on 
11 different carbohydrate medw 
Reaction on media containing 
Culture 
Dextrose I Lactose I Maltose I Mannitoll Salicin Sucrose l Galactose I Xylose Raffinose Arabinose I Levulose 
Initial pH 6.7 6.8 6.8 6.9 6.7 7.0 6.3 5.6 6.9 5.8 6.1 
1- Ps. tum. S+* S- 0 S- + 0 S- S- S- S- S-
2- " " s+ 1S- 0 S- + 0 S- S- S- S- S-3-
" " 
s+ S- 0 S- + 0 S- S- S- S- S-
4- " " s+ S- ·S- S- + 0 S- S- S- S- S-5- " " s+ S- 0 S- + 0 S- S- S- S- S-6- Ps. rhiz. + s+ s+ S- s+ 0 + + S- + + 
7- " " + s+ s+ S- s+ 0 + + S- + + ?l 8- " " + s+ + S- s+ 0 + + S- + + ?I 9- " " + s+ s+ '8- s+ 0 + + S- + + 10- " " + s+ s+ 18-- s+ 0 + + S- + + 9 11- " " + s+ s+ S- s+ 0 + + S- + + "'3 12-
" " + s+ s+ S- s+ 0 + + S- + + 13- " " + s+ + S- s+ 0 + + S- + + 14- " " + s+ + S- s+ 0 + + S- + + 15- " " + s+ + S- s+ 0 + + S- + + 16- " " + s+ s+ 8--- s+ 0 + + S- + + 17- " " + s+ s+ S- s+ 0 + + S- + + 18- B. radio. s+ S- 8--- S- + s+ S- S- S- s+ S-
19- '' " 0 S- 8--- '8- + 0 S- S- S- s+ S-
* Change in reaction due to growth of organisms is indicated as follows: 
+ = Acid change from initial 
- = Alkaline change from initial 
S = Slight 
0 = No change from initial 
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FLAGELLATION 
. In the classification of bacteria, the flagellation of the organism is of 
first importance. Smith, Brown and Townsend ( 22) , Muncie and Suit ( 9), 
and others have shown that Ps. tumef aciens is a single polar organism us-
ually with one flagellum. Recently Riker et al. ( 16) have obtained variable 
results as to its motility. Pseiuiomonas rhizogenes is reported by Riker et 
al. (16) to be single polar with usually one flagellum. They also state that 
Bacillus ra,d;iobacter is single polar, while Muncie and Suit ( 9), Lohnis and 
Hansen ( 5), and others have shown that this organism is peritrichic in its 
flagellation. In order to determine, if possible, the facts that might cause a 
difference in results obtained and to determine the flagellation of the cul-
tures of Ps. rhizogenes from Spiraea, a study was made of the effect of the 
age of the culture on the flagellation of the organism. 
As in other bacteriological work two series were run, while a special 
technique adapted from that of Kulp ( 4) was used. Microscope slides to 
be used for streaks were cleaned as follows : 48 hours in 25 per cent potas-
sium hydroxide and then 48 hours in sulfuric acid-potassium bichromate 
cleaning solution. The slides were then washed well in tap water, and then 
in distilled water. They were next put into 95 per cent alcohol for one hour 
and then transferred to a solution of 50 per cent ether and 50 per cent ab-
solute alcohol. They were taken from this solution, wiped with a clean white 
cloth, and kept in sealed clean glass jars. Throughout the cleaning process 
the slides were handled only with tweezers. 
Cultures to be used for flagella staining were prepared in the following 
manner. Agar slants containing one or two cubic centimeters of water of 
condensation and sineresis were inoculated with the desired cultures and 
after growing for 24 hours were transferred to a second agar slant with 
water of condensation. After another 24 hours had elapsed, the water of 
condensation in the second transfer was poured into a tube of five cubic 
centimeters of sterile water. At certain intervals streaks were made from 
these water suspensions. A four millimeter loop was flattened on the bot-
tom. To make the streak, the loop was dipped into only the top one-half 
centimeter of the water blank and then pushed across the cleaned slide 
which previously had been flamed. When the loop was pulled across the 
slide, the wire was necessarily also pulled over all of the streak made on the 
slide. This has a tendency to cause a breaking off of the flagella, which 
was not so evident when the loop was pushed. 
Aiter the streaks had dried they were stained for one and one-half 
minutes in Casares-Gil mordant diluted one to two with distilled water. 
They were then rinsed in running water and stained for five minutes with 
carbol fuchsin after which they were rinsed again. Examination was made 
in the usual manner using an oil immersion objective and a 15X ocular. A 
study of the flagellation of the organisms was made at certain intervals 
from the time of putting the cultures into the water blanks. The results 
showed that the flagellation of all cultures except B. radiobact,er was doubt-
ful when three hours old. Typical :flagellation was obtained with all cul-
tures when six and twelve hours old. Aiter 24 hours the :flagellation of Ps. 
tumef aciens was doubtful, but Ps. rhizogenes and B. radiobacter were still 
typical in their flagellation. After 48 and 72 hours no flagella could be 
found on Ps. tumefaciens. Bacillus radiobacter was doubtful after 48 hours 
and no flagella were found after 72 hours. The flagellation of Ps. rhizogenes 
was typical up to and including 72 hours old. A distinct difference was 
152 R. F. SUIT 
noted between the polar flagellation of Ps. tumefaciens and Ps. rhizoge-nes. 
Pseudomonas tumef aciens is typically single polar with one flagellum al-
though two and occasionally three were found, whereas Ps. rhizogeMs is 
typically single polar with two to four flagella and occasionally only one. 
Bacillus radiobacter showed typical peritrichous flagellation. 
THERMAL DEATH POINT 
The data presented by Muncie and Suit (9) indicated a possible dif-
ference in the thermal death points of Ps. tumefaciens and Ps. rhizogenes. 
If this difference exists it should be possible to remove all doubt as to the 
identity of Ps. tumef aciens and Ps. rhizogenes by exposing them to a min-
mum temperature that will kill one of the organisms. To check this possible 
difference in thermal death points, a study was made of the 19 cultures. 
Dunham solution at a pH of 6.8 was the standard medium for this work. 
Two series of the organisms were exposed by the use of one cc. of 24-hour 
cultures in ampoules, while two other series were exposed as 24-hour cul-
tures in test tubes :five-eights of an inch in diameter and containing 10 cc. 
of broth. Exposures were made for ten minutes and at temperatures of 50, 
52, 54, and 56°C. After treatment, transfers from each ampoule and tube 
were made into two tubes of broth. All cultures grew readily after ex-
posure at 50°C. After exposures at 52, 54, and 56°C. no growth was ob-
tained from any of the cultures. This indicates that the thermal death point 
of Ps. tumefaciens, Ps. rhizogenes and B. radiobacter, growing in Dunham 
solution at a pH of 6.8, was 52°C. when exposed for 10 minutes. 
REACTION ON DIFFERENTIAL MEDIA 
Since Ps. rhizogenes and Ps. tumef aciens differ in some of their cultural 
characteristics, it was quite possible that a medium could be found which 
would serve to differentiate these two organisms. Riker et al. (16) have 
obtained results using a glycerophosphate medium containing mannitol. 
They reported that in this medium Ps. tumefaciens and B. radiobacter gave 
abundant growth while Ps. rhizogenes showed none or only a trace. Also 
Berthelot (1) has devised a medium especially for the cultivation of Ps. 
tumef aciens. 
The agar medium devised by Patel (10) for the isolation of Ps. tu.me-
faciens is also excellent for Ps. rhizogenes. Since the difference in acid pro-
duction by these two organisms is quite marked, it was thought that this 
fact might serve as a means of differentiation. Consequently Patel's med-
ium was modified by adding one cc. of a 1-1000 alcoholic solution of brom 
cresol purple and one cc. of a like solution of cresol red to each liter. Vari-
able results were obtained by using this medium for isolation and differ-
entiation. Pseudomon.as tumef aciens colonies usually remained translucent 
as on the original medium. Pseudomonas rhizogenes, being a strong acid 
producer, showed yellow colonies. That is, the colonies of this organisms 
absorbed the double indicator to such an extent that they became yellow. 
However, when a mixture of Ps. t'Umef aciens and Ps. rhizogenes was grown 
on this medium, all of the colonies became yellow. Isolation trials from 
crowngall showed translucent colonies while trials from the three types of 
hairyroot showed yellow colonies with a few white ones_ when this special 
medium was used. An inoculation experiment with cultures isolated from 
the same hairyroot specimens, using both Patel's medium and the modified 
TABLE 14. EeactWn.s of Ps. tumefaokM, Ps. rhi11ogenes, and Bacillus radiobacter on. differenti.al, media at t8°C. 
Culture 
1- Ps. tum. 
2- '' '' 
3- " " 
4- " " 
5- " " 
6- Ps. rlliz. 
7- " " 
8- " " 
9- " " 
10- " " 
11- " " 
12- " " 
13- " " 
14- " " 
15-- " " 
16- " " 
17- " " 
18- B . radio. 
19- " " 
Glycerophosphate 
medium 
Time 
10 da. 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
I Growth 
4* 
4 
4 
4 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Berthelot 's 
medium 
Time 
3 da. 
" 
" 
" 
" ,, 
" 
" 
" 
" 
" 
" 
" 
" ,, 
" 
" 
" 
" 
I Growth 
4 
4 
4 
4 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
* Growth and reaction of the organisms is indicated as follows: 
1 - Slight clouding 
2 Moderate clouding 
3 - Good clouding 
4 - Pellicle formed 
+ - Acid 
S - Slight test 
G = Good test 
Dunham solution + 
Time I Growth I NH, test Time 
3 da. 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
4 
4 
4 
4 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
G 4 da. 
G " 
G " 
G " 
G " 
s " 
s " s ,, 
s " 
s " 
s " 
s " 
s " 
s " 
s " 
s " 
s " 
G " 
G " 
Modified Patel's medium 
Dextrose 
I Reaction 
s+ 
s+ 
s+ 
s+ 
s+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
s+ 
s+ 
+ 
Time 
4 da. 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
Salicin 
I Reaction 
s+ 
s+ 
s+ 
s+ 
s+ 
+ 
+ 
+ 
+ 
+ 
0 
0 
0 
0 
0 
+ 
+ 
s+ 
s+ 
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medium, was tried. Translucent, raised, whitish colonies were selected from 
isolation plates made with the original medium; Thirty-five per cent of 
these colonies proved to be Ps. rhizogene.s when inoculated into sugar beet. 
The yellowish, shining, raised colonies selected from the plates with modified 
medium were 67 per cent Ps. rhizogenes when inoculated into sugar beet. 
While this medium is not perfect, it does increase the number of colonies of 
Ps. rhizogenes selected. All incubation of isolation plates was at 28°C. and 
the colonies were selected at the end of three days. 
In table 14 are shown some of the typical reactions of Ps. rhizogenes 
and Ps. tumefac:iens when grown on the different media. A difference in 
the growth of Ps. tumefaciens and Ps. rhizogenes in glycerophosphate med-
ium was not evident until after 10 days. At this time a pellicle had been 
formed by the cultures of Ps. tumefaciens and only a slight clouding of the 
medium by Ps. rhizogenes. This same differentiation was obtained in three 
days on Berthelotls medium and on ordinary Dunham solution. It was ob-
served that this difference existed when using any liquid medium in which 
the two organisms were grown. Pseudomonas twrnefaciens and Ps. rhizo-
genes can also be differentiated by the amount of ammonia produced. On 
modified Patel's medium a differentiation can also be obtained in three to 
four days. When salicin was added as a source of carbon instead of dex-
trose, the cultures of Ps. rhizogenes obtained from Spiraea showed no change 
of reaction in four days, while those from apple showed a slight acidity. 
This was the only instance in which Ps. rhizogenes from Spiraea produced 
a different reaction from the same organism isolated from apple. These re-
sults would indicate that a good bacteriological test to differentiate Ps. 
tumefaciens from Ps. rhizogenes would be by their distinct manner and rate 
of growth in liquid media. 
EFFECT OF AGE OF CULTURE OF VIRULENCE OF PS. RHIZOGENES 
At various times during the work with Ps. rhizogenes difficulty de-
veloped in making transfers of stock cultures. This suggested that the ac-
cumulation of metabolic products might have an inhibitory effect or that a 
different form of the organism might be obtained from an old culture. In 
order to study the effect of age of the culture, Ps. tumefaciens and Ps. 
rhizogenes were transferred to four series of peptone-dextrose agar slants to 
which had been added two grams of dipotassium phosphate per liter. After 
two days growth the cultures were kept in the refrigerator at l0°C. Inocu-
lations were made into ten sugar beets every two months, the inoculations 
being made from the original culture that was transferred at the beginning 
of the experiment. The results of this study are shown in table 15 and 
show that cultures of Ps. rhizogenes were still virulent after two months 
without transfer. After four months the virulence was variable, and after 
six months the cultures were apparently dead as they would not produce 
hairyroot and would not grow on fresh agar slants. Twenty trials were 
made in transferring each six-months-old culture of Ps. rhizogenes but all 
were negative. It is evident that certain metabolic or staling products were 
formed which killed the organism. The cultures of Ps. tumef aciens re-
mained viable throughout the six months' period, while no evidence was 
found which would indicate a change of Ps. rhizogenes to Ps. tumef aciens 
with the increased age of the culture. 
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TABLE 15. Pathogenicity of Ps. tumefaciens amd Ps. rhizogenes on yO'IJ/ng sugar beets 
after two, fuwr 111nd six months from the time of trOln.Sfer 
Number sugar beets infected 
with culture Successful transfer 
Culture from six month 
Two Two Four Six old culture 
days months months months 
old old old old 
1- Ps. tum. 10 10 10 10 + 
2-
" " 10 10 10 10 + 3- " " 10 10 10 10 + 4-
" " 10 10 10 10 + 5- " " 10 10 10 10 + 6--- Ps. rhiz. 10 10 3 0 
7- " " 10 10 2 0 8-
" " 
10 10 1 0 
9- " " 10 10 5 0 10-
" " 10 10 8 0 11-
" " 
10 10 6 0 
12-
" " 10 10 7 0 13-
" " 10 10 5 0 14- " " 10 10 8 0 
15- ,, ,, 10 10 10 0 
Ck. 0 0 0 0 
CONTROL OF HAIRYROOT INDUCED BY PS. RIDZOGENES BY 
MODIFICATION OF GRAFTING PRACTICES 
Since the greater percentage of infection by Ps. rhizogernes occurs at 
the union of piece-root grafted apple trees, it was thought that this disease 
might be controlled by certain modifications in grafting practice, which 
were beneficial in the control of callus knot. Previous to 1926 the common 
practice of piece-root grafting was the tongue, or whip graft, wound with 
waxed string. Since that time, several modifications in grafting practice 
have been used, which reduce the percentage of malformations at the union. 
Melhus, Muncie and Fisk (7) recommended the wedge, or cleft graft, as be-
ing desirable. Riker, Keitt and Banfield (15) have shown that beneficial 
results can be obtained by using a nurseryman's tape as a wrapper for 
grafts. Maney ( 6) suggested the use of the double tongue graft as a means 
for control of overgrowths. 
A study was made of these three methods of control as they apply to ' 
infection by Ps. rhizogenes. Wealthy, being the variety most susceptible to 
infection by Ps. rhizogenes, was chosen for experimentation. Other varieties 
were also included for comparison. Results of trials on 3,000 one-year trees 
were obtained from the experimental plots at Ames, Iowa, while the other 
results were obtained from experimental plots at nurseries in the states in-
dicated. The data obtained in this study are presented in table 16. Of the 
three types of grafts studied, these data show that irrespective of the type 
of wrapper employed, the wedge graft has a lower percentage of hairyroot 
than the other two types. A close examination of the three different types 
of grafts shows that the wedge graft has the least cut surface exposed to 
contact with the soil while the double tongue has the greatest exposed cut 
surface. Since Ps. rhizogenes is a wound parasite, the double tongue graft 
afforded more chances for infection than the other two types. · 
TABLE 16. Results obtained from a study of three types of grafts and two 'kinds of wrapper8 as they influenced the percentage of hairy-
root 
State 
Iowa 
" 
" ,, 
Kansas 
" 
" 
" Nebraska 
" 
" 
" ,, 
" 
Variety 
Wealthy 
" 
" 
" 
" 
" Yellow 
Transparent 
" 
" 
" Wealthy 
" Whitney 
" Total 
" 
Age 
1 yr. 
" 2 yrs. 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" ,,
" 
" 
Wrapper 
Tape 
String 
Tape 
String 
Tape 
String 
Tape 
String 
Tape 
String 
Tape 
String 
Tape 
String 
Tape 
String 
Wedge grafts I P er-No. centage 
observed hairyroot 
311 
412 
472 
309 
490 
480 
507 
496 
166 
W9 
363 
327 
196 
196 
2505 
2419 
3.8 
7.5 
0.2 
1.9 
9.7 
24.7 
6.5 
8.4 
2.4 
0 
0.8 
0.9 
0 
1.0 
4.1 
8.3 
Tongue grafts 
No. eentage I P er-
observed hairyroot 
364 
393 
437 
414 
480 
486 
481 
470 
207 
192 
187 
189 
157 
190 
2540 
2334 
3.8 
5.1 
0.6 
6.2 
14.3 
40.7 
11.8 
19.7 
1.9 
5.7 
3.2 
6.3 
3.1 
10.0 
6.2 
15.3 
Double tongue 
grafts I Per-No. centage 
observed hairyroot 
322 
844 
322 
344 
3.7 
17.1 
3.7 
17.1 
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A. further examination of table 16 shows that when the type of graft is 
disregarded, the use of nurseryman's tape as a wrapper is superior to the 
use of waxed string for controlling Ps. rhizogenes infection. The advantage 
of tape is, that all cut surfaces are covered, while with the string wrap the 
cut surfaces are exposed. Siegler (21) showed that after callus was formed, 
the graft was not susceptible to infection. However, it is possible that in 
the nursery method of cultivation, some of the grafts are disturbed with 
enough force to break the callus and thus form another chance of infection 
in the case of the string wrapped grafts. From the results obtained, thel 
most effective control indicated for Ps. rhizogenes is the wedge graftJ 
wrapped with nurseryman's tape. 
DISCUSSION 
The first isolation of an organism from hairyroot was reported by 
Smith, Brown and Townsend (22). They showed that this organism WSB 
closely related to Ps. tumef aciens and thought that, for the present, the 
hairyroot organism should be called a strain of Ps. tumef aciens. They 
stated, however, that further work on this problem might show the hairy-
root organism to be a distinct species. Until 1928, hairyroot was considered 
to be caused by Ps. tumefaciems. In 1928 Riker, Banfield, Wright and 
Keitt (14) suggested that there might be a species difference between Ps. 
tumefaciens and the hairyroot organism. Siegler (17), however, main-
tained that this organism isolated from woolly knot on apple resembled Ps. 
tumefaciens on agar and should be called the apple strain of the crowngall 
organism. In Siegler's further work (18, 19) he still maintained that this 
hairyroot organism was not a distinct species, without giving any bacterio-
logical evidence to substantiate his opinion. Brown (2) also showed that 
when culture of Ps. tumef aciens were inoculated into the node or growing 
point certain small roots and rootlets would appear under certain condi-
tions. At this time Muncie and Suit (9) showed that there was evidence 
of two types of hairyroot organisms, but they did not suggest setting out of 
a separate species at that time. In 1930 Riker et al. (16) presented addi-
tional bacteriological studies and named the hairyroot organism Pkyto-
monas rhizogenes. It is also worthy of mention that illustrations given by 
Siegler (17, 18, 19), Muncie and Suit (9), and Riker et al. (16) for natural-
ly occurring and artificially induced hairyroot are practically identical. 
Muncie and Suit (9) and Riker et al. (16) stated that Ps. rhizogenes re-
sembled Ps. tumefaciens in agar culture. It is possible, therefore, that had 
Siegler (17, 19) made bacteriological studies of the organisms he used, he 
would have found differences. 
It is true that there are many points of similarity between the bacterio-
logical reaction of Ps. tumef aciens and Ps. rhizogenes. The differences are, 
however, of such a fundamental nature that one is justified in· considering 
it a new species. Data presented in this paper strengthen the evidence for 
calling the hairyroot organisms a distinct species, Ps. rkizogenes. The 
hairyroot pathogen has been isolated from naturally occurring hairyroot on 
Spira.ea vankouttei and Spiraea prunif o'lia as well as on apple. The Ps. 
rhizogenes from Spiraea was more virulent when artificially inoculated into 
three kinds of ornamental shrubs and seven kinds of one-year-old seedlings 
than was Ps. rhizogenes from apple. However, these cultures of Ps. rhizo-
genes were identical in their bacteriological reactions. Further evidence of 
a species difference is indicated by the manner of growth in a liquid medium. 
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Pseudomonas tumefaciens forms a pellicle in three days while Ps. rhizogenes 
produces only a slight to moderate clouding and as growth proceeds the 
.. organisms settle to the bottom of the tube. This difference in growth would 
indicate a possible difference in the oxidation-reduction reactions of the two 
organisms. Another difference between the organisms is the accumulation 
of staling products. Pseudomonas rhizogenes was completely killed when 
kept on the same agar slant for six months, while Ps. tumef aciens was not 
noticeably affected. 
Not only are there bacteriological differences, but also symptomatic 
differences between Ps. tumef aciens and Ps. rhizogenes. Three cultures of 
Ps. tumef aciens isolated from crowngall on apple showed no stimulation of 
roots, but induced typical galls when inoculated into the internode of all 
the hosts used. On the other hand, the cultures of Ps. rhizogenes induced 
typical hairyroot, but no galls on the internode of these plants. These dif-
ferences, as well as those reported by Riker et al. (16) justify the setting 
out of a new species in the case of the hairyroot organism. 
The specific differences found between Ps. rhizogenes and Ps. tume.-
f aciens are: 
Characteristic Ps. rhizogeneis Ps. tumef aciens 
Staling products Cultures die in six No evidence of such 
months products 
Carbon metabolism 
Lactose acid Slight alkaline 
Maltose " No change 
Galactose " Slight alkaline 
Xylose " " " 
Arabinose " " " 
Levulose " " " 
Flagellation Single polar Single polar 
( 1-4 flagella) (usually one flagellum) 
Growth in liquid Moderate clouding Pellicle 
medium and settling 
Reaction on host Hairyroot Crowngall 
The harmful nature of hairyroot has been quite generally accepted be-
cause of its previous association with crowngall. However, it may well be 
that Ps. rhizogenes is not harmful and might even be beneficial. As was 
shown previously, two-year Wealthy apple trees having form "B" hairy-
root at the crown, grew as much in height and caliper during an extremely 
dry season as did the normal trees. On the other hand, the trees inoculated 
with Ps. tumefo.ciens grew only one-third as much as the others. Isolation 
from form ''A'' and '' B '' hairyroot showed that it was more difficult to 
obtain Ps. rhizogenes from form "B". It was also shown that Ps. rhizo-
genes produced staling products which resulted in its death in six months 
when on an agar culture. It may be that this same phenomenon occurs in 
the hairyroot on apple and that after three or four years Ps. rhizogenes 
will have died out leaving only the increased number of roots on the host. 
Riker et al. (16) have reported that a culture was occasionally obtained 
from hairyroot that appeared to be a mixture of Ps. rhizogenes and Ps. 
tumef aciens. In connection with the inoculation and bacteriological studies 
herein reported, cultures were used that had been obtained by two different 
methods, namely, the dilution plate method, and single bacteria isolated by 
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the aid of a micromanipulator. Of the 19 cultures used, two of Ps. rhizo-
genes were single cell isolations while the rest, 10 of Ps. rhizogenes, five of 
Ps. tumefaciens and two of B. radiobacter were plate purified. At no time 
was there any evidence obtained that indicated any difference in the purity 
of the cultures irrespective of the method of purification. No indication of 
any mixture of organisms was found in any of the cultures isolated and 
tested for pathogenicity; neither those of Ps. rhizogenes nor those of Ps. 
tumefaciens. 
SUMMARY 
Examination of 20 varieties of two-year and two-year cut-back apple 
trees in nurseries in five states showed hairyroot present on all varieties. 
The percentage varied from 1.7 on Delicious in Kentucky to 45.2 on Wealthy 
in Oklahoma. A higher percentage of hairyroot was found on trees in 
Kansas and Oklahoma than on those in Iowa, Kentucky and Nebraska. 
Pseudomonas rhizogenes occurred most commonly on Wealthy, Yellow 
Transparent, and Duchess and occasionally on Jonathan, Delicious and 
Stayman. 
Pseudomonas rhizogenes was found to induce three forms of hairyroot 
on apples. Form ''A'' is characterized by an abundance of fleshy roots and 
is the symptom of the first growing season. Form '' B '' is commonly termed 
hairy or woolly knot and' is one-year-old hairyroot. The reaction induced 
by Ps. rhizogenes on the aerial parts of the host shows a cluster of small 
rootlets that is designated as form '' C '' hairyroot. 
A higher percentage of hairyroot occurred on those apple trees that 
had woolly aphid injury than on those trees free from this insect. 
Where one-year-old Wealthy apple trees were inoculated with Ps. 
tumef aciens and Ps. rhizogenes and then grown for one season, stunting was 
evident in the former and not in the latter. 
Hairyroot not only occurs on apple, but also on ornamental shrubs. It 
was found. on Spiraea vanhouttei, S. prunifolia, Lonicera tartarica, and 
Symphoricarpus rooemosus. 
Pseudomonas rhizogenes was isolated from hairyroot on Spiraea van-
houttei and Spiraea prunif olia, but could not be obtained from hairyroot on 
Lonwera tartarica and Symphoricarpus racemosus. The causal agent was 
also isolated from hairyroot on apple trees grown in Iowa, Kentucky, Okla-
homa, Kansas and Nebraska. Pseudomonas rhizogenes can easily be ob-
tained from form ''A'' hairyroot, but is rather difficult to obtain from 
form "B". 
Hairyroot was induced by Ps. rhizogenes on the following hosts: sugar 
beet (Beta vulgaris L.), tomato (Lycoperswon esculentum Mill.), Paris 
daisy (Chrysanthemum frutescens L.), Bryophyllum calyci:wum L., bean 
(Phaseolus vulgaris L.), Coleus blumei Benth., Wealthy apple (Pyrus malus 
L.), Spiraea vanhouttei Zabel, honeysuckle (Lonicera tartarica L.), snow-
berry (Symphoricarpus racemosus Michx.), and apple (Pyrus malus L.), 
locust (Gleditsia tria.canthos L.), mulberry (Marus alba L.), peach (Prunus 
persica Sieb. & Zucc.), Caragana arborescens Lam., Russian olive (Elae-
agnus angustifolia L.), and Catone.aster acuminata Lindl. seedlings. Hairy-
root was not induced on white ash (Fraxinus Americana L.) and American 
elm (uimus Americana L.). 
When herbaceous cuttings were inoculated with Ps. rhizogenes, rooting 
was stimulated in 30 days on cuttings of Bryophyllum and Paris daisy, 
while no difference was noted on Coleus. Similar inoculations on hardwood 
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cuttings showed a stimulation of rooting of cuttings of apple seedling, 
Wealthy apple and Spi,raea vanhouttei. 
A study of the acidity of the host plant extract showed no relation to 
the amount of hairyroot induced by Ps. rhizogenes on those hosts. The 
formation of hairyroot on inoculated Wealthy apple grafts and peach seed-
lings under field conditions, was influenced more by the rainfall than by 
either the soil temperature or the season under the conditions of the sum-
mer of 1930. Pseudonwnas rhizogenes usually induces hafryroot on a host 
in thirty days. The shortest time found was 14 days on young sugar beets, 
while on the Wealthy apple it required 30 days. 
Pseudomonas tumef aciens and Ps. rhizogenes. may be readily differ-
entiated by their growth in liquid media. Dunham solution was as effective 
a differential medium as calcium glycerophosphate-mannitol medium or 
Berthelot 's medium. 
Results from the experimental plots at Ames, Iowa, and nurseries in 
Iowa, Kansas and Nebraska showed 4.1 per cent, 6.2 per cent and 3.7 per 
cent hairyroot, respectively, for wedge, tongue, and double tongue grafts 
wrapped with nurseryman's tape. When the grafts were wrapped with 
waxed string, 8.3 per cent, 15.3 per cent, and 17.1 per cent hairyroot, re-
spectively, occurred. When the number of trees used and the effect of the 
types of wrapper are taken into consideration, these results indicate that 
the wedge graft wrapped with adhesive tape was the most effective way of 
reducing hairyroot on piece-root-grafted apple trees of the varieties studied. 
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PLATE I 
A-Hairyroot induced on two-year apple seedlings by artificial inoculation with 
Ps. rhizogenes. The fleshy condition of the roots is a distinctive feature. 
Inoculated on June 30, 1930, and the picture taken on November 19, 1930. 
A-Hairyroot induced by Ps. rhizogenes isolated from hairyroot on apple. 
B-Hairyroot induced by Ps. rhiz.ogenes isolated from hairyroot on Spiraea 
11anlwuttei. From experimental plots, Ames, Iowa. 
B-Hairyroot induced -0n two-year Wealthy apple by artificial inoculation with 
Ps. rhi.zogenes. The pronounced swellings with :fibrous and woody roots are 
distinctive. Inoculated on July 15, 1929. The pieture was taken December 
5, 1930. From experimental plots, Ames, Iowa. 
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Plate I 
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PLATE II 
A-Hairyroot found occurring under natural conditions in connection with woolly 
aphid (Ericsom,a lanigera) injury on two-year apple seedlings. It is noted 
that the hairyroot usually originates from a woolly aphid gall. From experi-
mental plots, Ames, Iowa. 
B-Hairyroot found occurring naturally on Spiraea vanhoiittei. From a survey 
at Shenandoah, Iowa, during the fall of 1930. 
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Plato II 
B 
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PLATE III _ 
A-Reaction obtained by inoculation of Bryophyllum in the internodes. Inocula-
tions were made on June 20, 1930. A-Rooting on the internodes induced by 
inoculation with Ps. rhizogenes. B-Inoculation with a steri le needle pro-
duced a wound that healed over. C-Galls induced on the internode by Ps. 
tiimefaaiens. 
B-Typical response induced in Paris daisy by artificial inoculation. Inocula-
tions were made on March 8, 1930, and picture taken on June 11, 1930. A-
shows the reaction from inoculation with a sterile needle. B-Small rootlets 
induced at the point of inoculation with Ps. rhizogenes. C-Galls induced by 
Ps. tumefaciens. 
C-Typical response obtained by inoculation into the crown of sugar beets grown 
in the greenhouse. Inoculatiohs were made on January 28, 1930, while the 
picture was taken March 25, 1930. 
A-Results of inoculation with a sterile needle. 
B-Gall induced by Ps. tiimefaciens. 
C-Hairyroot induced by Ps. rhizogenes. 
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Plate III 
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PLATE IV 
A-Development of roots from form C hairyroot. Plants inoculated January 18, 
1930, cuttings made and buried in sand April 5, 1930, and picture taken on 
May 23, 1930. A-Development of 1·oots from point of inoculation with Ps. 
rhizogenes on the internode of Bryophyllum. B-Development of roots from 
form C hairyroot induced on Pa1·is daisy by Ps. rhizogenes. 
B- Normal rooting of cuttings inoculated with a sterile needle. Inoculations 
were made on Janual'y 18, 1930, cuttings made and stems bul'ied in sand on 
April 5, while the picture was taken on May 23, 1930. A-Normal Tooting of 
Bryophyllum cuttings occurring only at the base and nodes. B-Normal root-
ing of PaTis daisy cuttings occurring only at the base. 
= 
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Plato IV 
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PLATE V 
A-Cuttings of Bryophyllum selected at random from inoculated and check series 
25 days after the start of the experiment. A-Root stimulation caused by 
inoculations with Ps. rhizogenes. B-Normal cuttings showing only very 
small rootlets. 
B- Rooted cuttings of Spiraea vanlwuttei obtained from 100 used at the start of 
the experiment. Inoculated on February 5, 1931, and the picture taken on 
March 27, 1931. A-Rooted cuttings from the check series. B-Rooted cut-
tings from the series inoculated with Ps. rhizogenes from apple. G--Rooted 
cuttings from the series inoculated with Ps. rhizogenes and Spiraea vanhout-
tei. 
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Plate V 
II. i~. SIJl'l' 
PLATE VI 
A-Form C hafryroot induced on Dwarf Stone tomato by inoculation with Ps. 
rhizogenes. Inoculations wPre made on April 18, 1930, and the picture was 
taken on June 11, 1930. The typical small rootlets formed at the point of 
inoculation are easily visible in B while A shows two stems inoculated with a 
sterile needle. 
B-Form A hairyroot induced by artificial inoculation with Ps. rhizogenes. In-
oculations were made on July 1, 1930, and the picture was taken on November 
19, 1930. A-Typical hairyroot induced on Wealthy scion. B-Typical hairy-
root induced on peach seedling. From the Experimental plots, Ames, Iowa. 
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n In the first paper in this series the authors (1) dealt with the influence 
of alcohol concentration and temperature upon the water-holding capacity 
of ethyl alcohol-gasoline systems. The present communication deals with 
the absorption of water by such blends under various atmospheric con-
ditions. 
There has been considerable discussion of this problem in the scientific 
and popular literature but adequate quantitative data are not available. 
Coutant and Mariller (2) determined the water absorption of a 15 per 
cent alcohol-gasoline blend under very severe conditions such as large 
surface contact with a very humid atmosphere, agitation of the receptacle 
and so forth. After 43 hours it was determined that sufficient moisture had 
been absorbed to raise the separation temperature to -8°C. (+17.6°F.) 
Spausta (3) exposed various blends to the atmosphere for three months 
in flasks loosely stoppered with cotton. His data are found in columns 1, 
2, and 3 in table 1. In columns 4 and 5 we have calculated the water ab-
sorbed per 100 cc. of blend and per 100 cc. of alcohol. It is evident that 
the water absorbed per 100 cc. of alcohol is at a definite maximum at 15 
per cent, a fact in agreement with our results discussed below. 
TABLE 1. Influence of alcohol concentration upon water absorption by alcohol-
gasoUne blends according to SpCl4lsta (3) 
1 2 3 4 5 
Alcohol in Water tolerance Water tolerance 
Water absorbed 
blend of 100 cc. blend of 100 cc. blend 
Wt.-pc't'g. Initial After 3 monhts 
per 100 cc. per 100 ec. 
blend alcohol 
10.0 0.35 --- 0.27 0.08 0.8 
15.0 0.58 0.35 0.23 1.53 
20.0 0.83 0.60 0.23 1.15 
25.0 1.12 0.85 0.27 1.08 
30.0 1.41 1.20 0.21 0.70 
35.0 1.78 1.60 0.18 0.51 
40.0 2.13 2.00 0.13 0.30 
45.0 2.52 2.30 0.22( f) 0.49 
50.0 2.90 2.80 0.10 0.20 
In considering the absorption of water by alcohol blends, it is apparent 
that there are many phenomena involved. Water may be absorbed as a 
result of hygroscopicity, by condensation upon the surface as a result of 
the cooling caused by evaporation, or by condensation on the walls of the 
containing vessel due to "breathing" and temperature fluctuations. It, 
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therefore, seems advisable to use the term "water absorption" instead of 
"hygroscopicity" in describing the experiments herein reported. 
EXPERIMENTAL 
Three types of data were obtained. In Series I the humidity was held 
at constant value, in one run at 100 per cent and in the other at 50 per 
cent relative humidity. In each case 50 cc. portions of the blends containing 
varying concentrations of alcohol, were placed in 100 cc. Erlenmeyer 
flasks which were fitted with 2 mm. glass vents. These flasks were placed 
in desiccators filled with water or with 43 per cent sulphuric acid in order 
to give the 100 per cent and 50 per cent humidity. The desiccators were 
kept alternately for 12 hrs. at 0° and 38°0. The cloud points were de-
termined at the end of 5, 10 and 15 days, using the method described in our 
previous paper. The water absorbed was calculated by means of the follow-
ing general equation: 
(1) log(W x 102 ) = log a + log(nt° + q) 
in which W is the cc. of water required per 100 cc. of blend at alcohol con-
centration a to produce turbidity at temperature t. For the gasoline em-
ployed the equation is: 
(2) log (W x 102 ) = 1.27 log a+ log(0.027t° + 1.33) 
In Series II the commercial conditions of storage were more nearly 
simulated. A 500 cc. portion of each blend was placed in a 1,000 cc. bottle 
fitted with a stopper carrying a 2 mm. bent glass vent. These were stored 
out of doors, and were loosely covered to prevent access of rain or other 
adventitius moisture. 
Series III deals with data on the water absorption of 10 per cent al-
cohol-gasoline blends held under actual commercial storage conditions. 
DISCUSSION OF RESULTS 
SERIES I 
The data are given in table 2 in which are recorded the cloud tem-
perature, water absorbed per JOO cc. of blend and per 100 cc. of alcohol for 
each alcohol-gasoline mixture. It is evident that the water absorbed per 
100 cc. of alcohol in the blend first increases and then decreases with in-
crease in alcohol concentration. The maximum water absorption is at ap-
proximately 15 per cent alcohol for 50 per cent humidity and at 8 per cent 
for 100 per cent humidity. The maximum water absorption at 100 per cent 
humidity is about 2.1 times the maximum value at 50 per cent humidity, 
practically the same ratio (1.9) holding for the 10 per cent blend. It is 
of interest to note that the analysis of the data of Spausta in table 1 shows 
a maximum water absorption per 100 cc. of blend to be at 15 per cent 
alcohol corresponding to our results at 50 per cent humidity. The actual 
amount of water absorbed in three months is less than that found by us 
after fifteen days at 50 per cent humidity. 
The procedure of alternating the temperature from 0° to 38° each 
twelve hours leads to higher water absorption than would take place at 
constant. temperature because of the accentuation of the phenomenon of 
''breathing''. 
TABLE 2. InfW.ence of alcohol ixmtent upon water absorptton by 50 co. blend in 100 co. E. flask eq'Utlpped with ! mm 11ent e'Xposed indicated 
time in 50 per cent and 100 per cent saturated atmosphere at 0°C.-38°C., temperature changed twice daily. Iflli.tial water aorn-
tent nil and cloud point below -60° 
Alcohol Cloud point Water absorbed 
Relative in Blend ·c cc/100 cc. blend I cc/100 cc. ale. in blend humidity P'c't'g. I I 15 days 5 days I I I I 15 days P'c't'g. by Vol. 5 days 10 days 10 days 15 days 5 days 10 days 
50 0 -60* -60* -60* 0 0 0 0 0 0 
1 -60 -60 -12 0 0 0.010 0 0 1.00 
2 -35 -32 -24 0.012 0.012 0.014 0.60 0.60 0.70 
4 -27 -17 -10 0.035 0.050 0.061 0.88 1.25 1.52 
6 -22 -15 -10 O.Q70 0.088 0.101 1.08 1.48 1.67 
8 -18 -14 -5 0.120 0.135 0.148 1.50 1.69 1.85 
10 -25 -17 -6 0.125 0.164 0.218 1.25 1.64 2.18 
15 -27 -20 -10 0.198 0.255 0.338 1.32 1.70 2.25 
20 -32 -27 -16 0.222 0.280 0.396 1.11 1.40 1.98 
30 -55 -40 -22 0 0.190 0.550 0 0.63 1.83 
50 -60 -60 -48 0 0 0 0 0 0 
100 -60* -60* -60* 0 0 0 0 0 0 
-100 0 -60* -60* -60• 0 0 0 0 0 0 
1 -60 -32 -15 0 0.005 0.010 0 0.05 1.00 
2 -27 -12 -20 0.015 0.022 0.019 0.75 1.10 0.95 
4 -18 -5 +1 0.050 0.070 0.070 1.25 1.75 1.75 
6 -13 +6 +12 0.093 0.114 0.157 1.55 1.80 2.62 
8 ± 0 +20 +25 0.188 0.264 0.377 2.35 3.30 4.71 
lO -11 ±0 +34 0.194 0.248 0.414 1.94 2.48 4.14 
15 -12 -2 +18 0.316 0.402 0.572 2.11 2.69 3.80 
20 -32 -17 -8 0.225 0.396 0.500 1.12 1.98 2.50 
30 -55 -42 -30 0 0.150 0.400 0 0.50 1.33 
50 -60 -59 -47 0 0 0 0 0 0 
100 -60* -60* -60* 0 0 0 0 0 0 
* Cloud point of 10 per cent alcohol-90 per cent gasoline blend prepared after indicated exposure. 
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SERIES II 
The data for this series are found in table 3. The conditions more 
nearly simulate those of commercial storage in out of doors tanks under 
usual conditions of variation in humidity and temperature. Moreover the 
volume of the blend is greater than in Series I, permitting a somewhat 
greater and more constant counter pressure of the more volatile constituents 
of the blend. The data show the greatest water absorption for the 2 per 
cent blend. In comparsion the maximum water absorption per 100 cc. of 
alcohol for 100 per cent and 50 per cent humidity reported in table 2 is 
in the ratio of 1 :0.48 :0.28. The corresponding turbidity temperatures are 
+20°, +10° and -20°C respectively. The data of Series II show no 
measurable water absorption after thirty days for blends containing above 
8 per cent alcohol. The blends containing 4-8 per cent alcohol are still 
stable, after 30 days, at -50°C(-58°F). 
TABLE 3. Influence t0f aloohol oontent upon water absorptm by 500 cc. blend in 1 
liter b,ottles equipped with ii mm. 11ent exposed indicated time out-Qf·doors. 
Initial cloud point below -60°0. 
Water absorbed 
.Alcohol I cc/100 cc. alcohol in content Cloud point cc/100 ec. Blend blend of blend I I I Vol. P'c't'g. 15 days 30 days 15 days 30 days 15 days 30 days 
0 -60* -60* 0 0 0 0 
1 -43 -60 0.005 0 0.50 0 
2 -34 -20 0.018 0.027 0.90 1.35 
4 -48 -48 0.014 0.015 0.35 0.38 
6 -55 -47 0.008 0.025 0.13 0.42 
8 -60 -50 0 0.025 0 0.31 
10 -60 -60 0 0 0 0 
15 -60 -60 0 0 0 0 
20 -60 -60 0 0 0 0 
30 -60 -60 0 0 0 0 
50 -60 -60 0 0 0 0 
100 -60* -60* 0 0 0 0 
* Cloud point of 10 per cent alcohol-90 per cent gasoline blend prepared after indi-
cated exposure. 
SERIES III 
Reliable data on water accumulation in commercial storage are not 
available. Recently, the distribution of 10 per cent alcohol-gasoline blends 
on a commercial scale has given opportunity to study this problem. 
On April 11, 1933, 84,000 gallons of the blend were prepared for the 
Earl Coryell Oil Company at their Lincoln Nebraska bulk station. The 
tanks used were 18 feet in diameter and 25 feet high. They were equipped 
with Morrison eight-ounce weight vent traps. The blend was easily pre-
pared simply by pumping one tank car of anhydrous alcohol and nine tanks 
of gasoline together and then circulating by pumping, for a short time, from 
the bottom into the top. The cloud temperature of the blend was -49°C. 
After eighteen days, during which time about one third of the blend had 
been used, the cloud temperature was -51°C. On June 6, after 66 days 
storage, the last of the blend was withdrawn, the last gallon being taken for 
a sample. 'fhe cloud temperature was -59°C. The concentration of the 
alcohol had not changed appreciably while the distillation curve indicated 
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the loss of a smail am.01mt of a mixture of gasoline and alcohol of about a 
10 to 1 ratio. The loss in moisture may be explained as due to the evap-
oration of a ternary mixture of alcohol, gasoline and water. 
On April 28, 1933, 5,500 gallons of a 10 per cent alcohol-gasoline blend 
were prepared :for the Square Deal Oil Company of Ames, Iowa. To the 
tank was attached a three-fourth inch vent consisting of an 8 inch length 
of three-fourth inch pipe and return bend. The blend was sampled daily. 
The last analysis, 13 days after blending and as the tank was emptied, showed 
a cloud temperature of -58°, which is identical with the original value. 
SUMMARY 
The water absorption by mixtures of anhydrous ethyl alcohol and gas-
oline has been determined under the most severe conditions, under con-
ditions approaching actual storage conditions, and in actual commercial 
bulk storage tanks. The amount of water absorption is dependent upon 
complex conditions. There are involved the distillation characteristics of 
the gasoline, the concentration of alcohol, the surface-volume ratio, the 
volume of the blend, the type of vent, and :fluctuations in temperature and 
pressure. For lower concentrations of alcohol, the water absorption by the 
blend is greater than for gasoline or alcohol alone. The point of maximum 
absorption varies with conditions of humidity and the other factors men-
tioned above. 
The more nearly the experimental conditions approach those of actual 
commercial storage, the less water is absorbed. In the two instances ex-
amined with reference to storage of a 10 per cent blend in commercial 
tanks no water was absorbed during the time of observation, which was 66 
days in one case. These results in commercial installation are in agreement 
with the statement by Hubendick that there has been no trouble from water 
absorption during the ten years commercial use of blends in Sweden ( 4). 
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I. THE MANUFACTURE OF ARTIFICIAL ZEOLITES, AND 
IL THE CONTROL OF ZEOLITE WATER SOFTENERS1 
PAUL G. BIRD 
Fr<nn the Department of Chemical Engineering, IQ100 State ()(Jllege. 
Accepted for publication July 15, 1933 
One method of softening water commercially is the base-exchange or 
so-called zeolitic method in which the water to be softened is passed through 
a bed of base-exchange material. When hard water is passed through the 
bed, reaction I, which is typical of base-exchange, takes place. 
Ca(HC08 ) 2 + Na2Zeolite = CaZeolite + 2NaHC08 I 
When the zeolite is exhausted it is treated with a salt solution to revivify 
it according to reaction IL 
.CaZeolite + 2NaCl = Na~eolite + CaCl2 II 
Commercial base-exchange materials are obtained by processing natural 
materials such as greensand and ardmorite, or by compounding artificial 
zeolites from "secondary" raw materials. Artificial zeolites are generally 
made by bringing together dilute solutions of sodium silicate and one or 
more compounds of aluminum. These materials are combined to form a 
gel containing 90 per cent or more water, most of which must be removed 
to obtain a hard, durable, product suitable for use in a water softener. At 
present, this excess water is removed by filter pressing the gel and drying, 
or by drying alone, after which it is necessary to crush, screen, wash, and 
redry the material. 
A major part of this investigation is concerned with the removal of 
this excess water from the gel or filter cake by freezing rather than by 
drying. 
The gels used in the following experiments were made by mixing equal 
volumes of dilute solutions of commercial silicate and sodium aluminate. 
The stock solution of sodium silicate contained 24.7 per cent Si02, and 6.4 
per cent Na20, and weighed 1.294 grams per cc. The sodium aluminate 
solution contained 32 per cent Na2Al20~ plus 10 per cent of NaOH, and 
weighed 1.400 grams per cc. The composition of the gels was expressed 
as the mol ratio of silica to alumina, and the concentration as gram mols 
of alumina per liter of gel. 
· "Whole-volume" gels were allowed to form. These gels were later 
broken up and filter pressed. The filter cakes were placed in water tight 
cans which were subsequently immersed for 48 hours in the brine tank 
of a refrigeration system where the temperature was nearly constant at 
21°F. When frozen, the filter cakes were removed and allowed to thaw 
on a sloping floor . . The material remaining consisted of moist particles of 
uniform shape. Mter drying at room temperature, the particles were 
screened, washed until they failed to react alkaline with phenolphthalein, 
and tested for capacity. 
1 Original Thesis submitted June, 1932. 
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The testing was done in miniature water softeners made of 16 mm. 
glass tubing 34 cm. long. Hard water containing 376 p.p.m. of hardness 
was passed downward through the zeolite in the tubes at such a rate that 
it would no longer completely soften the water at the end of four hours. 
The capacity was calculated from the amount of water softened, the hard-
ness of the water, and the volume of the zeolite. This is called the tube 
test. 
Experiments were made to determine which ratio of silica to alumina 
yielded a product having the highest base-exchange value. This was done 
by keeping the alumina concentration constant, and varying the concen-
tration of the silica in the gel. The maximum capacity was obtained when 
the ratio was between 2.0 to 1.0 and 2.5 to 1.0 in the range investigated. 
In order to determine the best concentration of reagents the mol ratio 
was kept constant ot 2.2 to 1.0 while the concentrations of the silica and 
alumina were changed proportionally. The maximum capacity was ob-
tained when the alumina concentration was between 0.100 and 0.125 gram 
mols per liter of gel. 
Tests were made in which various substances were added to the alumi-
nate or silicate solution before mixing. It was found that the addition of 
small amounts of soda ash, agar, casein, or sodium hydroxide, caused an 
increase in capacity, while the addition of sodium chloride, tri-sodium phos-
phate, borax, or large amounts of glue, casein, or soda ash, caused a de-
crease in capacity. · 
The effect of drying on the capacity the granules obtained by freezing 
was investigated by dividing some freshly thawed material into several 
lots, and then drying these portions separately. The capacity, on a volume 
basis, was found to increase in direct proportion to the amount of water 
removed. 
Gels and filter cakes subjected to freezing yielded products having 
higher base-exchange than gels or filter cakes dried in the conventional 
manner. 
It has long been known that fine zeolites have a greater base-exchange 
value than coarse zeolites because of the greater area per unit of volume. 
In a study of this relationship the capacities of closely screened portions 
of four artificial zeolites were determined. The capacities were found to 
be inversely proportional to the particle size for sizes greater than 0.3 mm., 
and the active layer in which the exchange took place was found to be 
less than 0.1 mm. in thickness. The particle sizes ranged from 0.25 to 
2.0 mm. which includes the sizes used commercially. 
Several artificial zeolites were tested for capacity by three methods. 
One portion of each zeolite was tested in a miniature water softener, a 
second portion in an electro-dialysis apparatus similar to that described 
by Bradfield, and a third portion was subjected to the ''ultimate exchange'' 
test. In Bradfield 's apparatus or cell the exchangeable bases are dialysed 
by impressing an electrical potential across a porous medium, the bases be-
ing collected in the cathode compartment, then titrated. In the ultimate 
test a zeolite is repeatedly treated with BaCl2 or CaCl2 solutions, washed 
free from chloride ions, then repeatedly treated with sodium chloride solu-
tions which are collected and analyzed for the alkaline earth element. The 
exchange values obtained by electro-dialysis and the ultimate test were in 
close agreement, but were greatly in excess of those obtained by the tube 
test. The tube test yielded values 25 to 35 per cent greater than the max-
imum exchange obtained in commercial installations. 
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When hard water is passed through a zeolitic softener the chemical and 
physical properties of the solution undergo a change. 
There is a considerable increase in the conductivity of the tap water 
at Iowa State College after being softened by a zeolitic softener. Using 
a Wheatstone bridge and an alternating current galvanimeter type of re-
lay, a softener was automatically controlled while in continuous operation 
by utilizing this difference in conductivity. It was found that a change 
in the water temperature of about 3°C. caused as great a change in con-
ductivity as softening the water. However, it is possible to compensate for 
the temperature effect. Further investigation disclosed that a hard water 
may have an increase, a decrease, or no change in conductivity upon being 
softened. 
The visible spectrum of the light from the spark produced by im-
pressing a high potential across submerged platinum electrodes shows bands 
at 5,890 and 6,620 Angstroms common to both the hard and softened water 
at Iowa State College. Due to the presence of calcium and magnesium salts 
additional lines may be observed with hard water, thus furnishing a means 
by which hard water is readily distinguished from soft water, the identifica-
tion being positive, accurate, and easily made. By means of a light sensitive 
cell and a suitable relay system the control of a water softener could be 
made fully automatic. 

THE ACTION OF LIPOLYTIC BACTERIA ON SOME SIMPLE 
TRI-GLYCERIDES AND SOME NATURAL FATS1 
MERVYN AVERY CoLLINS 
Fr<Ym the Department of DaM-y Industry, Iowa State College 
Aecepted for publication July ·15, 1933 
Many of the studies on the bacteria of particular importance in dairy-
ing have been confined chiefly to the action of the organisms on the carbo-
hydrate and protein of dairy products. This probably is due to the fact 
that the fatty portion of dairy products is the least susceptible to bacterial 
action, but the difficulty of determining the action of bacteria on the fat 
is also a factor. 
The work herein reported deals with a study of lipolytic bacteria and 
has been divided into four sections. 
SECTION I. SOME CONSIDERATIONS OF THE NILE-BLUE SULFATE TEOll-
NIQUE AND ITS APPLICATION TO THE STUDY OF BACTERIAL 
ACTION ON SIMPLE TRI-GLYCERIDES AND NATURAL FATS 
Nile-blue sulfate, which, according to several workers, contains two 
constituents that give differential staining reactions with fatty acids and 
the tri-glycerides of these, proved to be a very useful indicator for the de-
termination· of the action of bacteria on fats. The two constituents which 
react differently with fats and fatty acids have been called Nile-blue and 
Nile-pink by Rettie (1). 
One part of Nile-blue sulfate (as an alcoholic or an aqueous solution) 
was added to approximately 10,000 parts of beef infusion agar having a 
pH of 6.8 to 7 .0, and the agar then sterilized. When this medium was 
melted for pouring, one part of sterile fat (emulsified with a 0.5 per cent 
agar solution) was added to approximately 200 parts of the agar and the 
mixture cooled to the desired temperature. 
When the Nile-blue sulfate medium was used for the determination 
of the type and amount of bacterial action on a fat, the cultures were in-
oculated upon the surface of the solid medium, but when it was used to 
determine the numbers of lipolytic bacteria in certain materials it was 
poured into the inoculated petri dishes in the customary manner. 
The studies on the color reactions between Nile-blue sulfate, and the 
simple and mixed tri-glycerides and fatty acids of which such glycerides 
are composed, indicate that (a) the Nile-blue of Nile-blue sulfate is definite-
ly soluble in caproic, caprylic and oleic acids and decreasingly soluble in 
the saturated fatty acids above caprylic as the molecular weight increases, 
(b) the Nile-pink of Nile-blue sulfate is definitely soluble in tri-propionin, 
tri-butyrin, tri-caproin, tri-caprylin and tri-olein, in butter fat, lard, beef 
tallow, corn oil, cottonseed oil, olive oil, linseed oil and cocoanut oil, and 
decreasingly soluble in the tri-glycerides which are solid at 21 "C. as their 
molecular weights increase, and ( c) the Nile-pink is soluble in tri-n-valerin, 
i Original ·Thesis submitted June, 1933. 
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tri-iso-valerin and tri-heptylin, as well as in hydrogenated cottonseed oil 
and lard. 
The hydrolysis of the simple tri-glycerides by bacteria became more 
difficult as the molecular weights increased, tri-stearin being unaffected by 
bacterial action. Cultures of bacteria which hydrolyzed butter fat usually 
hydrolyzed the other natural fats and oils, as well as tri-butyrin and tri-
olein, to about the same extent. Rarely did a culture hydrolyze tri-butyrin, 
tri-olein or one of the natural fats without hydrolyzing the others. The 
results indicated that any one of the common natural fats or oils used was 
a good material for the detection of lipolytic bacteria. 
SECTION II. THE ISOLATION, IDENTIFICATION AND CLASSIFICATION 
OF LIPOL YTIC BACTERIA 
Several hundred cultures of lipolytic bacteria were isolated by means 
of the Nile-blue sulfate method and, of this number, 159 were studied and 
identified insofar as possible. A study of the proteolytic abilities of lipolytic 
bacteria indicated that all the lipolytic organisms were not evidently pro-
teolytic in litmus milk, but there was a fairly close agreement between the 
lipolytic and proteolytic abilities of the organisms studied. Each of 80 
of the 159 cultures was added to sterile cream which was churned, and 58 
( 72.5 per cent) of these produced rancidity; this was the defect most com-
monly resulting in butter from the action of lipolytic bacteria. The type 
of colony and the amount of diffusible lipase produced by lipolytic or-
ganisms were useful as criteria in the grouping of the cultures. 
The organisms most commonly isolated were identified as Pseudomonas 
fragi, Ps. fiuorescens, Achromobacter lipolyticum, A. connii and a new 
species, Ps. acidiconcoquens. Four groups of cultures closely related to 
the typical Ps. fiuorescens were named as varieties of this species; these are, 
Ps. fiuorescens var. zymogenes, Ps. fiuorescens var. glycerolytica, Ps. fiuor-
escen var. patula and Ps. fluorescens var. radians. 
Ps. fragi, A. lipolyticum, Ps. fluorescens (typical) and Ps. mucidolens 
were most active in the production of rancidity in butter. 
SECTION ID. THE NUMBERS OF LIPOLYTIC BACTERIA IN CERTAIN DAIRY 
PRODUCTS AND THE RELATIONSHIP OF THESE ORGANISMS 
TO RANCIDITY 
Nile-blue sulfate medium (with butter fat) was used with the plate 
method for the determination of the numbers of lipolytic bacteria in certain 
dairy products. 
The results showed that, (a) there were no lipolytic bacteria in the 
aseptically drawn milk examined, (b) there were considerable numbers 
of lipolytic bacteria in ordinary fresh milk, cream and unsalted, raw cream 
butter and ( c) there were considerable numbers of lipolytic bacteria in 
unsalted, raw or pasteurized cream butter after holding for various lengths 
of time but very few in samples of salted butter. The lipolytic bacteria 
isolated from most of the products examined were gram-negative, non-spore 
forming rods, while in samples of salted butter micrococci usually pre-
dominated, and these types were not actively lipolytic. Rancidity was 
occasionally evident .without large numbers of organisms but did not de-
velop rapidly unless the development was accompanied by large increases 
in the numbers of lipolytic bacteria. The development of strong rancidity 
in butter was accompanied by a rapid decrease in the numbers of organisms. 
ACTION OF LIPOLYTIC BACTERIA 189 
SECTION IV. THE ABILITY OF LIPOLYTIC BACTERIA TO PRODUCE RAN-
CIDITY IN BUTTER FAT, IN SOME OTHER NATURAL FAT·S 
AND IN SOME SIMPLE TRI-GLYCERIDES 
For the purpose of this work, "rancidity" was defined as a defect 
which was characterized by the odor of the lower fatty acids, especially 
butyric acid, to distinguish it from oxidative rancidity or "tallowiness". 
Because butter fat contains relatively large amounts of the tri-
glycerides which are readily attacked by lipolytic bacteria and because 
other common natural fats and oils do not, it was thought probable that 
rancidity, as already defined, is largely confined to dairy products. 
An attempt was made to produce rancidity in butter fat, corn oil, 
olive oil, tri-butyrin and tri-olein through the action of lipolytic bacteria. 
The organisms were inoculated into artificial media in which the various 
fats were dispersed with fine sawdust, shredded filter paper or 0.5 per cent 
agar. 
The results showed that rancidity developed in butter fat in the 18 
trials which involved nine lipolytic organisms, whereas it occurred with 
corn oil in only one of the 14 trials and never developed in any of the trials 
with olive oil, tri-butyrin or tri-olein. Although the data are limited they 
were sufficient to indicate that rancidity developed readily in butter fat, 
whereas tallowiness developed most frequently in the corn oil, olive oil and 
tri-olein media under similar conditions. 
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THE PRODUCTION OF FURFURAL FROM CONCENTRATED 
SOLUTIONS OF XYLOSE1 
RICHARD LINDLEY FOSTER 
From the Department of Chemistry, Iowa State College 
Accepted for publication July 15, 1933 
One of the outstanding achievements in the utilization of agricultural 
wastes for the manufacture of industrial chemicals is the development of 
the furfural industry. The raw product is the oat hull which might more 
properly be called an industrial waste rather than an agricultural waste 
since the oat hulls are in a way analogous to the industrial wastes of the 
packing industry. The potential yield of furfural from this source alone 
is tremendous and accounts for the large amount of research to find new 
uses for fur£ural. It should be pointed out also that additional sources 
of this chemical on a large scale are other industrial wastes which are 
already concentrated in the various centers and include such materials as 
c9ttonseed hulls, rice hulls, peanut hulls, straws (including corn stalks), 
corn cobs and the like. 
The furfural is at present produced by heating the oat hulls at about 
60 pounds pressure with usually about 5 per cent sulphuric acid for five 
or more hours (Miner, Trickey, and Brownlee2 and Killefer3). Although the 
present process is a commercial success it possesses several disadvantages: 
1. The yield in practice is only about 50-60 per cent of theoretical. 
While oat hulls should give about 20 grams of furfural per 100 grams of 
hulls, Brownlee4 found the best yield to be 12.6 per cent using dilute sul-
phuric acid at 60 pounds of pressure for five hours with the optimum liquid-
solid ratio of 0.27-1.0. It is generally conceded that .the low yield of fur-
fural is principally due to the polymerization of the fur£ural in the pres-
ence of the acid. 
2. The recovery of the furfural from the aqueous system is a relative-
ly expensive operation due to the low solubility of the furfural in the water. 
3. The residue is so charred and charged with polymerized products 
as to make further utilization by recovery of the cellulose and lignin not 
feasible. 
With these points in mind a method has been developed which will give 
higher yields, permit more ready and economical recovery of the furfural 
and leave the residue in better condition for further use in the chemical 
industries. It seemed advisable to make preliminary studies of the pro-
duction _of furfural from strong xylose solutions in order to establish 
general principles of procedure and then to apply these findings to agricul-
tural raw products. In order to be industrially feasible these studies must 
be made on concentrated solutions of xylose, at least 10-25 per cent. 
The first problem to be solved in the production of furfural from strong 
1 Original Thesis submitted August, 1932. 
2 Miner, Trickey and Brownlee. Chem. Met. Eng., 27:299-303 (1922). 
a Killeffer. Ind. Eng. Chem., 18:1217-1219 (1926). 
4 Brownlee. Ind. Eng. Chem., 19:422-424 (1927). 
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xylose solutions is the prevention so far as possible of the polymerization 
of the furfural in the reaction mixture. Two possibilities present them-
selves, first, the removal of the furfural from the reaction mixture as rapid-
ly as it is formed, and second, the employment of less drastic reagents and 
lower temperatures. 
This thesis deals with the quantitative and detailed studies of prin-
ciples developed by Drs. Fulmer, Christensen and Hixon in their prelimi-
nary studies of this problem. Briefly their technique was as follows. The 
xylose solution with various combinations of NaCl and HCl was refluxed 
at atmospheric pressure with an immiscible solvent in which furfural is 
very soluble. Such solvents included toluene, benzene and carbon tetra-
chloride. Most of the work was done with toluene. The purpose of the 
solvent was to remove the toluene as formed and thus prevent its poly-
merization in the presence of the reaction mixture. The salt served two 
purposes, first, it decreased the solubility of the HCl and hence increased 
its reactivity at a given concentration, and second, it decreased the solu-
bility of the furfural in the aqueous system and hence facilitated its more 
rapid and complete removal from the reaction mixture. The furfural in 
the toluene was analyzed by the use of a chainomatic Westphal specific 
gravity balance since it was found that the specific gravity of the toluene-
furfural system is a linear function of composition. · 
The results may be summarized briefly from data obtained by use of 
toluene as the immiscible solvent. With the use of 20 per cent xylose with 
0.50 N HCl and concentrations of NaCl of 0, 5, 10, 15, 20, 25, 30, 35, 
and 40 per cent the increase in furfural yield was respectively 0, 42, 44, 
98, 138, 154, 203, 233, and 251 per cent showing the marked effect of the 
presence of the salt. The maximum yield of furfural was about 70 per cent 
of theoretical after refluxing for five hours. It was likewise found that 
with the use of 25 per cent NaCl the yield of furfural reached a maximum 
at 1.00 N HCl with no further increase, but a slight tendency to drop, at 
1.25 · N and 1.50 N. 
Other salts were used in the presence of the HCl and also several salts 
without the addition of acid. The latter included NH4Cl, (NH4 ) 2SO" 
NH4H 2PO" NH. tartrate, ZnCl2, and Al2 (S04 ) 3 all of which yielded fur-
fural, the action being due to their action as dehydrating agents. The 
combinations of NaCl-HCl with toluene were used on oat hulls with yields 
of furfural much above those at present obtained industrially. 
As stated previously, this thesis is concerned with quantitative studies 
of the preparation of furfural from concentrated solutions of xylose using 
and extending the methods outlined above. These studies include the 
following: 1. the accurate determination of the specific gravities of toluene-
furfural systems; 2. the relation of the relative volumes of toluene and 
solution to the yield of furfural; 3. the relation of the concentration of 
xylose to furfural yield; 4. the J;elation of furfural yield to various con-
centrations of HCl in the presence of various concentrations of NaCl for 
various periods of time; 5. the correlation of the increased yields due to 
the presence of the NaCl with the effect of the salt upon the "apparent" 
hydrogen concentration and the effect of the salt upon the solubility of 
furfural. The results of the studies will be briefly discussed in the order 
of the five headings mentioned above. 
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I. SPECIFIC GRAVITY OF TOLUENE·FURFURAL SOLUTIONS 
As stated previously, the furfural content of the toluene-furfural so-
lutions was determined by means of a chainomatic Westphal specific gravity 
balance. This analytical method is based on the determination of the 
specific gravities of pure toluene-furfural systems. 
The furfural used to prepare these solutions was obtained by purifi-
cation of technical grade furfural, furnished through the kindness of The 
Quaker Oats Company. It was treated with precipitated ca~cium carbonate 
to remove any acids present. The amount of carbonate added was about 
10 per cent of the weight of the furfural. The mixture was stirred thor-
oughly and the carbonate allowed to settle. The supernatant liquid was 
distilled under atmospheric pressure and the middle portion of the dis-
tillate, boiling at 158-160°0. was collected. This fraction was again dis-
tilled. The portion of the distillate collected boiled at 159°C. (uncorrected). 
Evans and Aylesworth5 gives the boiling point of furfural as 159.3°0. (un-
corrected) and 161.7°C. (corrected). The furfural obtained in this manner 
was very nearly water white, having only a slight yellow color. The specific 
gravity was found to be 1.1578-25°/25° or 1.1544-25°/4°. This value agrees 
exactly with the specific gravity reported by Mains6 which is 1.1544-25 ° /4 •. 
Mallinckrodt's C. P. toluene, used as the solvent in preparing the toluene-
furfural systems, boiled at 109°0. The specific gravity was found to be 
0.8644-25 • /25 •. In order to make the solutions of furfural in toluene cor-
respond to the solutions obtained experimentally, the toluene was saturated 
with water. The specific gravity of the toluene after shaking with water 
was 0.8645-25° /25°. 
The toluene-furfural solutions were prepared by diluting the required 
weight of furfural, measured from a burette, with toluene to a volume of 
100 cc. The concentrations of the solutions are expressed in per cent (grams 
per 100 cc. of solution). The specific gravities of these solutions were deter-
mined by means of the chainomatic Westphal balance. 
The relation of the specific gravity of the toluene-furfural system to the 
per cent of furfural is expressed accurately by equation (1) which was de-
rived by the methods of least squares. 
Ss = 0.002573X + 0.8645 (1) 
in which Bs is the specific gravity of the solution and X is the per cent of 
furfural in grams per 100 cc. of solution. 
The concentration of furfural may likewise be calculated by the following 
relation, 
in which 
Ss=ST+ x 
Ss = Specific gravity of the solution 
ST = Specific gravity of the toluene 
SF = Specific gravity of the pure furfural 
X = Grams of furfural per 100 cc. of solution. 
-
(2) 
Up to concentrations of 40 per cent furfural the values calculated by equa-
tion (2) are accurate to less than one per cent error (i.e., less than one part 
per 100). This accuracy is entirely within experimental error in the pro-
6 Evans and Aylesworth, Ind. Eng. Chem., 18:24-27 (1923). 
6 Mains. Chem. Met. Eng., 26:779-784 (1922). 
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cedure used in the studies · reported. This relationship holds equally well 
:for the solvents benzene and carbon tetrachloride. 
II. THE RELATION OF RELATIVE VOLUMES OF TOLUENE 
AND SOLUTION TO THE YIELD OF FURFURAL 
Volumes of toluene :from 20 per cent to 300 per cent that of the reaction 
mixture gave practically the same yields of furfural from 20 per cent xylose 
in the presence of 0.50 N HCl and 40 per cent NaCL A volume ratio of 1 :1 
was chosen as the most convenient for the experimental work. 
III. THE RELATION OF THE CONCENTRATION OF XYLOSE 
TO THE FURFURAL YIELD 
Concentrations of xylose from 1.0 to 60 per cent were used with 0.50 N 
HCl and 40 per cent NaCL There was a tendency for the yield of :furfural 
to decrease slightly with increase in concentration of the xylose. However, 
up to 20 per cent the decrease was not great and this concentration was 
chosen as the most convenient to use in the succeeding experiments. 
IV. THE RELATION OF THE FURFURAL YIELD TO VARIOUS 
CONCENTRATIONS OF HCI IN THE PRESENCE OF VARIOUS 
CONCENTRATIONS OF NaCl FOR VARIOUS PERIODS 
OF TIME 
Concentrations of HCl at 0.25, 0.50, 0.75, 1.00, 1.50, and 2.00 N were used 
each in the presence of 0, 5, 10, 15, 20, 25, 30, 35, 40, and 45 per cent NaCl 
:for periods of 2 to 10 hours. In every case the presence of the NaCl in-
creased markedly the yield of furfural, the increase being in some cases as 
high as 500 per cent. (See table 1). The maximum yield of furfural was 
37 grams per 100 grams of xylose. Combinations of acid and salt refluxed 
with toluene for various periods of time which gave this maximum yield are 
0.50 N HCl - 45 per cent NaCl for eight hours; 0.75 N HCl - 35 per cent 
NaCl for six hours; 1.00 N HCl - 35 per cent NaCl for four hours; 1.50 N 
HCl - 30 per cent NaCl for four hours; and 2.00 N HCl - 25 per cent 
NaCl for two hours. 
V. THE OORRELATION OF THE INCREASED YIELDS OF FURFURAL DUE 
TO THE PRESENCE OF THE NaCl WITH THE EFFECT OF THE SALT 
UPON THE ''APPARENT'' HYDROGEN ION CONCENTRATION 
AND UPON THE SOLUBILITY OF THE FURFURAL IN 
THE AQUEOUS SYSTEM 
It was previously noted that the increased yield of furfural due to the 
presence of the NaCl was associated, first with a decrease of solubility and 
increase of the reactivity or chemical potential for the HCl and, sec<md, with 
a decrease in solubility of the furfural in the aqueous system which would 
lead fo a more rapid and complete removal of the furfural by the immiscible 
solvent. 
It is well known that the addition of NaCl to HCl solutions has a sig-
nifi.cant effect upon the activity of the acid. The data obtained by Bowe7 ·are 
especially pertinent to this problem. He compared the effect of various 
1 Bowe. J. Phys. Chem. 31:291-302 (1927). 
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concentrations of NaCl, NaBr, and NaI upon the "apparent" hydrogen ion 
concentration, as determined by E.M.F. measurements, with rate of inver-
sion of sucrose by these systems. He found these salts to increase both the 
''apparent'' hydrogen ion concentration and the rate of inversion of sucrose 
by the 0.1 N HCI. In the presence of 4 N concentrations of the salts the 
"apparent" hydrogen was respectively about 5, 7, and 10 fold that of the 
acid alone with the rate of inversion of the sucrose increased in about the 
same order. The order of efficiency was Cl <Br< I. These findings are in 
harmony with the generalized statement by Buchanan and Fulmer' to the 
effect that if che-m-ioal, X, is bringing about awy reacti<>n, A, the addition of 
any chemwal, Y, which in itself does not affect reacti<>n, A, but decreases 
the solubility of che-m-ioal, X (that is increases its chemical potential) will 
intensify reaction A. 
Applying the same principles to the effect of NaCl upon the furfural 
yield, the pH values of 0.25 N HCl in the presence of 0, 5, 10, 15, 20, 25, 30, 
and 35 per cent NaCl were determined and the "apparent" hydrogen ion 
concentration (CH+) calculated. The percentage increase in CH+ values 
(a) is given in table 1. In the table are likewise given the values for the 
per cent decrease in solubility of the furfural in the aqueous system due to 
the presence of the NaCl, (b) . In the next column are values of (a) + 
(b). In the remainder of the table are given values, (c) for the per cent 
increase in furfural yield at various periods of time. 
TABLE 1. Effe<Jt of NaCl on the percentage Vn.crease in CH+ (a), percentage deurease 
of Soltu.bili.ty of Furfural in O.!e5 N HCl (b), and percentage increase in 
furfural yield from xylose by O.!e5 N HCl (c) 
Pc 't'g. Pc't'g. (c) Pc't'g. Increase in Furfura.l Yield 
Increase Decrease 
Pc't'g. CH+ in Solubility 
2 Hrs. 1 4 Hrs.16 Hrs. I 8 Hrs. I 10 Hrs. Na.Cl (a) (b) (a.)+(b) 
15 37 9 46 45 50 69 50 35 
20 80 20 100 116 97 115 108 91 
25 158 30 188 194 161 196 174 132 
30 272 34 306 330 240 281 222 197 
35 390 43 433 490 320 361 294 235 
Since for concentrations of NaCl less than 10 per cent, the yields of fur-
fural are so small as to give somewhat erratic results by the analytical 
method employed, the yield at 10 per cent NaCl was taken as the reference 
point. It is evident that for the two-hour run the increase in yield of fur-
fural due to the presence of the salt is directly proportional to the sum of 
the increase in CH+, and the percentage increase in the chemical potential 
of the furfural, i.e., the two effects are strictly additive. For longer periods 
of time the per cent increase in furfural yield is not as great as for the two 
hour period. This is explicable by the fact that with increase in time the 
yields are approaching a maximum. Hence, the exact correlation for the 
two hour period is more significant than the results for the longer periods. 
s Buchanan a.nd Fulmer, Physiology and biochemistry of bacteria.. The Williams a.nd 
Wilkins Co., Baltimore (1930) Vol. III. p. 234. 
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SUMMARY 
1. The specific gravities of systems of furfural and toluene are practical-
ly a linear function of composition, hence the percentage of furfural in 
toluene can be readily analyzed by a determination of the specific gravity 
of the system. 
2. A technique has been developed for the preparation of furfural from 
strong solutions of xylose. The xylose solution with the dehydrating agent 
in solution is refluxed with an immiscible solvent, for example with toluene, 
and the yield of furfural estimated from the specific gravity of the solvent-
furfural system. 
3. Detailed studies were made of the yield of furfural from xylose using 
as the dehydrating agent various mixtures of HCl and NaCl for varying 
periods of time. 
4. The NaCl markedly increases the yield of furfural in the presence of 
a given concentration of HCl. This increase is quantitatively correlated 
with the effect of the NaCl upon the activity of the acid and of the furfural. 
The latter two factors were determined in terms of the effect of the salt upon 
the "apparent" hydrogen ion concentration and upon the solubility of fur-
fural in the aqueous phase. 
REACTIONS OF INORGANIC COMPOUNDS WITH LIQUID 
HYDROGEN SULFIDE1 
HARLAN PRESTON GUEST 
From t'he Department of Chemistry, Iowa State College 
Accepted for publication July 15, 1933 
Liquid hydrogen sulfide has been shown2 to be a better solvent for organic 
substances than for inorganic. Ralston and Wilkinson8 investiga'. ed the sol-
ubility and hydrolysis of inorganic chlorides in liquid hydrogen sulfide. 
Satwalekar4 studied the action of metals and oxides on liquid hydrogen sul-
fide. 
The purpose of this work was to investigate a number of reactions that 
take place readily with water and to try to bring about the similar reaction 
with liquid hydrogen sulfide. 
EXPERIMENT AL 
The liquid hydrogen sulfide was prepared in the apparatus designed by 
Quam and later modified by Meintz and Wilkinson5• Some criticism of the 
use of phosphorus pentoxide as a drying agent for hydrogen sulfide has been 
made by Lilienfeld and White6 but no evidence of any oxidation of the hy-
drogen sulfide with the formation of sulfur dioxide was observed in the 
hydrogen sulfide made by the above apparatus. 
Calcium oxide and calcium carbide both react readily with water to form 
the hydroxide and with the carbide acetylene is also liberated. When these 
are treated with liquid hydrogen sulfide similar reactions take place. With 
lime the solid left after evaporating off the excess of hydrogen sulfide is not 
of constant composition but varies with different preparation. The results 
below are the averages of several preparations: 
Compounds CaS Ca(HS) 2 Ca(OH) (SH) Found 
% s 44.44 60.35 35.55 42.92 
% Ca 55.56 37.73 44.44 47.9 
These data indicate that the product is a mixture of CaS and Ca(SH) 
(OH) since the percents of sulfur and calcium are lower than in the pure 
Ca.S. The fact that the S is low shows that tlrere can be no Ca(SH) 2 
present. 
The analysis of the residue from the calcium carbide indicated that the 
reaction goes to completion rather slowly and that the sulfide is chiefly 
formed but with some Ca(SH) 2 • It is difficult to get check results because 
of the continued loss of H 2S from the Ca(HS) 2• The purity of the CaC2 
was 95 per cent and some of this was always enclosed in the particles of 
residue. This would lower the per cent of sulfur and raise that for calcium. 
The average of several preparations showed 51.35 per cent calcium and 
37.32 per cent sulfur. 
1 Original Thesis submitted August, rn30. 
2 Antony and Magri, Gazz. chim. ital. 35, 206, (1905); Steele, Mcintosh and Archibald, 
Trans. Roy. Soc. (London). 
a Ralston and Wilkinson, J. Am. Chem. Soc. 50, 258 (1928). 
4 Satwalekar- Doctoral Thesis, Iowa State College 1928. 
s Meintz and Wilkinson, J. Am. Chem. Soc. 51, 803 (1929) . 
6 Lilienfeld and White, J. Am. Chem. Soc. 52, 887 (1930) 
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A small amount of yellow oil with an odor similar to a mercaptan was 
formed by the reaction between hydrogen sulfide and acetylene. This is the 
thio acetic aldehyde. 
C2H 2 + H 2S = CH3CHS 
Solid calcium and potassium sulfides do not react with CS2 in liquid H 2S to 
form the thiocarbonates. Hydrated sodium sulfide reacts with CS2 in liquid 
H 2S to form two liquid layers the bottom one consisting of sodium thio-
carbonate dissolved in the water of hydration of the sodium sulfide. The 
top layer consists of the excess of CS2 dissolved in the H 2S. Liquid am-
monia reacts with an alcoholic solution of H 2S and CS2 to form the com-
pound, ammonium dithiocarbonate, (NH4S) (NH2 )CS. An analysis of 
the yellow solid formed in the reactions showed 
N = 25.45 per cent, S = 58.26 per cent, Theoretical N 25.47 per cent, 
S = 58.19 per cent 
Liquid hydrogen sulfide and liquid sulfur dioxide have been reported by 
some workers as being quite inert and by others as reacting explosively. In 
this laboratory we have found the mixture to be inert if kept cold (-68°C) 
but if the temperature is allowed to rise a reaction starts at the boundary 
between the two immiscible liquids and increases in violence until the mix-
ture explodes. Extreme precautions were taken to have both liquids dry 
(with P 20 5 ) before mixing. 
With the oxy or yl chlorides of the non metals liquid hydrogen sulfide 
brings about thiohydrolysis as for example with sulfuryl, nitrosyl and 
thionyl chlorides 
S02Cl2 + H 2S = S02 (SH) 2 + 2HC1 
NOCl + H 2S = NOSH + HCl 
SOCl2 + H 2S = SO(SH) 2 + 2 HCl 
These thiol bodies are all unstable and break down liberating free sulfur 
very readily. Also more or less of the yellow oily hydrogen persulides are 
always formed, especially H 2S8• 
Phosphoryl chloride dissolves completely in liquid hydrogen sulfide at 
room temperature but crystallizes out as a white solid at -68°C. It reacts 
very slowly with the H 2S, at that temperature, forming a small amount of 
yellow solid which is sulfur. This comes from the very slow oxidation of 
the H 2S by the POC13 • 
Vanadyl tri-chloride reacts vigorously with liquid H 2S forming a brown 
solid. Some sulfur is always present due to oxidation of H 2S by the penta 
valent vanadium. If the VOC13 is dissolved in benzene the reaction velocity 
is slowed down somewhat and less sulfur is formed. Two reactions are ap-
parently involved, the reduction of the vanadium by the H 2S and the re-
placement of the oxygen by sulfur. The second reaction is not complete. 
Any given preparation will give a constant analysis but different prepara-
tions vary. A typical analysis is as follows: 
v 27.74 
s 20.14 
Cl 33.08 
H + 0 (by difference) 19.04 
These data fall between the two extremes of the compounds VSC13 (V = 
26.9, S = 16.9, Cl= 56.2) in which the oxygen of VOC13 has been replaced 
by sulfur but no reduction of the vanadium has occurred and the compound 
VOC1.H2S (V = 37.3, S = 23.5, CI= 26) in which reduction has taken 
place but the oxygen has not been replaced although H 2S has been added. 
This may be looked upon as V(OH) (SH)Cl. The body obtained in the 
above reaction is between these two and the substance obtained will depend 
upon how far the two reactions have gone. 
THE RELATIONSHIPS OF A LIPOLYTIC ORGANISM TO 
RANCIDITY OF BUTTER1 
RALPH VICTOR HUSSONG 
From the Department of Dairy lniflustry, Iowa State College 
Accepted for publication July 15, 1933 
The data herein reported deal with the study and identification of an 
organism which was found in considerable numbers in two samples of rancid 
butter. The presence of the same organism in the two samples of butter 
suggested its causal relationship to the rancid condition. Preliminary 
churning trials, using pasteurized cream to which the organism had been 
added, revealed that it was capable of producing a marked rancidity in 
butter. 
The organism isolated possessed two unusual characteristics when grown 
in litmus milk. The first of these was the production of a small ring of acid 
curd at the surface of the tube, while the remainder of the tube of milk 
remained uncoagulated for a considerable period of time. The second char-
acteristic was the production of an odor similar to that given off by the 
flower of the Mayapple or mandrake (Podophyllum peltatum). Organisms 
producing siinilar changes in litmus milk had previously been encountered 
rather frequently on plates poured from dairy products but their relation-
ship to the production of rancidity in butter had not been recognized. 
Following the isolation of the organism from the two samples of rancid 
butter a number of dairy products were examined for its presence. During 
this search the organism was isolated from 12 samples of normal ice cream, 
31 samples of rancid butter, 5 samples of milk, 3 samples of cream, and 2 
samples of evaporated Inilk. 
After 53 cultures had been isolated from various dairy products the cul-
tures were subjected to a sytematic study. The organism was found to be 
psychrophilic, aroma-producing, gram negative, non spore-forining, polar 
:flagellated rod, which was capable of hydrolyzing fat. 
The systematic study of the organism revealed that considerable variation 
occurred in the types of colonies produced by the cultures. Colony varia-
tions occurred in cultures which had been purified by plating and in other 
cultures which had been purified by single cell isolations. One of the four 
cultures studied yielded five types of colonies; one yielded four types and 
two cultures each yielded three types. 
A number of bacteria capable of hydrolyzing fat have been described. 
Eichholz (1) described an organism which produced a strawberry-like aroma 
in various media. Griiber (2, 3) described two such organisms. The char-
acteristics of these previously described species seemed to agree rather close-
ly with the description of the organism isolated from rancid butter and 
various other dairy products. If the different colony types which were 
secured from the organism isolated are considered, each type can be identi-
fied with one of the three organisms mentionea above. Thus the 0 type can 
be identified with Bacterium fra.gi Eichholz; the S type can be identified 
with Pseudomonas fragariae II Griiber; and the R type can be identified 
1 Original Thesis submitted June, 1932 
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with Pseudomona.s fragariae I Griiber. Bacterium fragi Eicholz was the 
first of the organisms to be described and this species name should be re-
tained. The characteristics of the organism are such that it seems to belong 
to the genus Pseudomonas and the name Pseudonionas fragi nov. comb. is 
therefore suggested for it. 
Experiments designed to determine differences in the biochemical activity 
of the variant types revealed the following points. Variant types could be 
secured (from parent cultures with marked fat splitting action) which were 
unable to split fat. The S type colonies from all four cultures studied were 
able to hydrolyze fat. 0 type colonies which were unable to hydrolyze fat 
were secured from all four of the cultures studied. However, an otherwise 
typical 0 type colony was secured from culture A which did not hydrolyze 
fat. The fat splitting ability of the R type colonies varied with the culture 
studied, those secured from two of the cultures being able to hydrolyze fat 
while the R type colonies secured from the other two were unable to produce 
this change. 
The data secured on the ability of the various types to split the protein 
of milk show that there was considerable difference in the ability of the dif-
ferent types to produce this change. In general the original cultures and 
the S type variants caused considerable increase in the amount of soluble 
and amino nitrogen when they were grown in milk. With all of the 0 type 
cultures there was actually a decrease in the amount of soluble and amino 
nitrogen. The R type variants produced quantities of soluble and amino 
nitrogen which were between the amounts produced by the S and 0 types 
from the corresponding culture. 
The section of the work dealing with butter made from pasteurized cream 
containing the organism showed that the organism could grow in butter 
held at low temperatures until large numbers were present. The effect of 
salt was very marked in restraining the development of the organism in 
butter. The effect of salt on the number of viable organisms present was 
evident very soon after the salt was added. Butter culture did not seem to 
have a very marked action in restraining the growth of the organism in 
butter. 
The total amount of acid in the butter increased rapidly until after a 
relatively short storage temperature there was a large increase in the acid 
present in the butter even at the low temperature used. The amount of 
acid present was greatly influenced by the addition of salt to the butter. 
The acidity in salted butter never reached the high level that was reached in 
the unsalted sample from the same source. As the salt content of the butter 
increased the amount of acid decreased. When 10.0 per cent butter culture 
was added to the cream before churning, the resulting butter never con-
tained as much acid as the control without butter culture. The same in-
hibiting effect was noticed when the butter culture was worked into the but-
ter after churning. 
The volatile acid content of butter containing the organism was higher 
than the volatile acid content of the uninoculated controls. Determinations 
made on butter containing salt revealed that the amount of volatile acid 
present in the butter was greatly influenced by the presence of salt. As the 
concentration of salt increased the amount of volatile acid decreased. But-
ter culture tended to inhibit the development of volatile acid. 
Butter made from cream containing the organism regularly exhibited a 
characteristic sequence of changes. The first of these changes was the dis-
appearance of the heated flavor and odor resulting from the high pasteur-
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ization temperature used. At about the time the heated flavor had reached 
a minimum an abnormal flavor had appeared. When first noticed this was 
not definite but with continued storage the abnormal flavor was identified 
as rancid. The rancid condition rapidly increased. 
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The first part of this work consisted of some preliminary studies on the 
colloidal properties of four Iowa soils. Later, samples of nine soils were 
taken in different parts of the state, air dried, and then analyzed in the 
laboratory for various constituents. A complete description of each of the 
soils used in the experiments is given and a map of Iowa shows the soil 
areas of the state and the approximate points where the soil samples were 
taken. 
A broad historical review of the early literature on soil solution and soil 
colloid studies is given, with particular reference to soil extracts. Many of 
the methods used by early workers in extracting the soil solution were tried, 
but were all discarded in favor of the 1 :5 water extract. Water extracts 
(considered to be the soil solution) were prepared in this way from the 
nine soils and the extracts were analyzed for the same constituents as were 
determined in the soils. The base exchange properties were determined and 
compared with the results of the chemical analyses secured from the soils 
and soil extracts. The colloids were separated from some of the soils, and 
their importance to bacterial action, both aerobic and anaerobic, was studied. 
Throughout the work the official methods were used insofar as official 
methods are available. The soil and soil solution constituents are reported 
in percentage, while the base exchange data are given in milligram equiva-
lents. \Vhere correlations were made between the soil, soil solution and 
base exchange properties, the data were recalculated and put on the milli-
gram equivalent basis. These recalculated data are all illustrated graph-
ically. 
The collodial content of the soils, total carbon, organic carbon, and the pH 
of the soils were determined. The results indicated that there were differ-
ences in the colloidal content of each soil, which might be useful in dis-
tinguishing soil types. The organic matter present was found to be chiefly 
colloidal in nature. 
The analytical data obtained indicated almost a direct correlation be-
tween the phosphorus, nitrogen and carbon in the soils. That is, where 
nitrogen was high, carbon and phosphorus were also high, and where one of 
the elements was low, the other elements tended to be low. There was an 
inverse relationship between the silica and the sesquioxides. When the 
silica was high, the sesquioxides were low, and when the silica was low, the 
sesquioxides were high. This relationship was shown very well in the case 
of each of the nine soils. Some distinct differences were noted between the 
different C :N and Al 0 S~2F 0 ratios. How much significance could be 
2 a e2 3 
attached to these differences, however, is a question. The analyses of the 
1 Original Thesis submitted June, 1931. 
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soil solutions showed that the water soluble minerals were not present in 
the soil extracts in the same proportion as they were found in the soils, at 
least no close similarities could be detected. Extracts made by various 
dilutions of soil and water ranging from 1 part of soil to 5 of water, up to 
1 part of soil and 80 of water showed the increasing solubilities of the min-
erals with the higher dilutions. Some striking differences were found in 
the soluble salts obtained from these dilutions on the various soils. The 
Webster silty clay loam which is considered very productive gave the high-
est water soluble salt content. No relationships could be noted between the 
amounts of sodium, potassium, or calcium found in the soil solution as com-
pared to the same elements found in the soil. 
Some of the base exchange properties of the same soils were studied. It 
was found that the M.E. of exchangeable bases were directly related to the 
loss on ignition. The M.E. of exchangeable sodium, potassium, and calcium 
were not apparently related to the amounts of the same constituents found 
in the soils or soil extracts. The Webster silty clay loam soil, which may be 
termed an alkali soil, presented difficulties in the exchangeable calcium de-
termination. The carbon-nitrogen ratio tended to follow the same trend as 
the loss on ignition and the exchange capacity of the soils. The pH of the 
soils and the pH of the soil extracts were approximately the same and the 
M.E. of exchangeable hydrogen showed an inverse relationship to the pH of 
the soil and soil extract. That is, where the pH was low, the exchangeable 
hydrogen was high, or vice versa. The P 20 5 content and the M.E. of ex-
changeable bases tended to be inversely related to the ii002- ratio for all of 
2 3 
the soils studied. 
The colloids that were separated from the soils were used in various pro-
portions as nutrients for different species of bacteria. The effect of the 
colloids on bacterial action was measured by increases or decreases in gas 
production as were shown on the differential manometers used. Sterile col-
loids plus dextrose inoculated with a mixed culture of anaerobic organisms 
(which was isolated from the soil) gave a much greater gas production than 
either the colloid or the soil inoculated with the same culture of anaerobic 
organisms but without the dextrose. This gas production was also more 
than was produced when sterile soil plus dextrose or sterile colloid or sterile 
soil were inoculated with the same culture. After 36 hours of growth, the 
gas production from the sterile colloid plus dextrose by the anaerobic cul-
ture was more nearly the same as from the sterile soil plus dextrose by the 
same culture of anaerobes. The soil colloids were found to stimulate growth 
of Rhizobium legumirwsarum, Bacillus radiob.acterr, and Azotobacter chro-
ococcum when they were included in the media used for these organisms. 
It was found that the colloids could be substituted for the manni', ol which 
is commonly used in the media. However, the organisms grew better when 
both the mannitol and colloids were used. 
This work showed that the colloids may play an important role as nutri-
ents and as a habitat for the microfl.ora found in our soils. 
LIFE EXPECTANCY OF PHYSICAL PROPERTY1 
EDWIN B. KURTZ 
From the Depan-tment of Engineering (General) Iowa State C.ollege 
Accepted for publication July 15, 1933 
This study was undertaken with a two-fold objective: First, to collect 
and compile life experience data of physical property; and Second, to ana-
lyze this experience and deduce such mortality laws and relations as may 
become evident. 
Under the first objective 52 mortality tables were collected and compiled. 
Of these, 5 are of equipment used in water works systems, 14 in telephone 
systems, 5 in telegraph systems, 6 in light and power systems, and 21 in 
railroad transportation systems. 
Upon careful comparison of the survivor curves of these 52 groups it was 
found that they could be fairly well represented by seven distinct types 
varying in steepness of slope from approximately a vertical line to a straight 
line drawn between 100 per cent at zero age and 0 per cent at 230 per cent 
age. 
All of these types could be well represented by the Compertz-Makeham 
formula used for humans, the various constants having the values shown in 
table 1. 
TABLE 1. Values of constwnts of Gompertz-Makeham formUla for se1!en type 
mortality ournes 
Type k s g e 
I 100.0 00 .9999 2.83 
II 100.05 00 .9995 2.018 
III 110.1 1.047 .9085 1.291 
IV 121.65 1.059 .8130 1.222 
v 125.9 1.047 .7943 1.197 
VI 138.04 1.047 .7245 1.164 
VII 149.2 1.035 .6702 1.137 
The analysis of the distribution or frequency curves for the seven types 
showed that they could be reasonably well represented by Pearson's Type I 
equation with the constants having the values given in table 2. 
TABLE 2. Freg:uenoy equation constants for seven f'T'equenoy groups 
Type r b m 
1 m2 al a2 Yo 
I 27.875 17.821 22.474 3.400 15.474 2.342 34.15 
II 22.6036 19.3897 11.1285 9.4751 10.4728 8.917 19.28 
III 18.541 23.0014 9.022 7.519 12.5457 10.4557 14.79 
IV 13.883 24.747 5.824 6.059 12.129 12.618 11.82 
v 9.0192 23.651 3.387 3.632 11.413 12.238 9.86 
VI 8.3268 25.622 2.4995 3.8272 10.1225 15.4995 8.90 
VII 5.3585 24.0966 1.1986 2.1599 8.5997 15.4969 7.574 
1 Original Thesis submitted June, 1932. 
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Probable life at any age was defined as the sum of age and expectancy at 
that age. Plotting probable life against age showed these curves to be of 
'parabolic form with the constants for the seven types having the values 
tabulated in table 3. 
TABLE 3. Cmistants for parabolic eq1w,tions for se1J1m type probable life our11es 
Types 
I 
II 
III 
IV 
v 
VI 
VII 
Coefficient (a) 
.000000000002533 
.0000005233 
.00004767 
.0005422 
.003332 
.01228 
.03953 
Exponent (b) 
6.2497 
3.6971 
2.7964 
2.3212 
1.965 
1.7202 
1.500 
On the assumption that these seven types represented typical properties 
undergoing continuous renewal, the total annual renewals to be made during 
each age interval were calculated. These calculations were extended until 
the annual renewals became constant at the normal value given by the ratio 
of 100 to average life. An analysis of these renewal curves showed that 
they were exponentially damped sinusoidal variations with respect to time 
and could be expressed by 
y = d e - ax sin bx 
The values which represented the seven types are given in table 4. 
TABLE 4. Values of seven types 
Type d a b 
I 21.70 0.00284 0.0633 
II 20.00 0.00731 0.0608 
III 17.06 0.01122 0.0574 
IV 12.30 0.01332 0.0524 
v 7.57 0.01378 0.0482 
VI 4.60 0.01375 0.0400 
VII 3.81 0.01312 0.0405 
CONCLUSION 
Since the Compertz-Makeham formula could be fitted to the seven survivor 
curves over the entire range showed that this expression was more appli-
cable to physical property than to humans. The fact that the distributions 
were of the Pearsonian Type I was evidence that these were typical phe-
nomena. Furthermore, the fact that probable life was parabolic with re-
spect to time, and annual renewals exponentially damped oscillations was 
further evidence that these relations are typical of natures most common 
phenomena. 
THE INFLUENCE OF COPPER ON THE GRAPHITIZATION 
BEHAVIOR OF WHITE CAST IRON1 
LoUIS LYKKEN 
From the Department of Chemistry, Iowa State College 
Accepted for publication July 15, 1933 
An investigation of the influence of copper additions on the graphitizing 
behavior of commercial white cast iron seemed to be of some importance, 
(a) because of the lack of quantitative information on this subject (1) 
( 2) and ( b) because the use of copper bearing iron and steel is coming 
to be more important. In order that no difficulties should arise due to the 
temperatures to be used in the annealing process, it was deemed necessary 
to determine the influence of copper on the transition (Ari) temperature of 
the cast iron used. To investigate fully the influence of the copper content 
on the decomposition of the massive cementite, as well as on the break down 
of the solid solution, it was decided to subject the desired samples to the 
two-cycle malleabilizing heat treatment developed by Hayes and Diedericks 
(3). 
DEVELOPMENT OF WORK 
A. PRPARATION AND CHEMICAL COMPOSITION OF THE ALLOYS 
Twenty-one alloys were prepared from commercial white cast iron base. 
Eleven of these alloys contained a varying copper content up to four and 
one-half per cent. The other ten alloys contained one per cent copper in 
combination with varying carbon and silicon content. 
Three thousand grams of white cast iron were melted in a plumbago 
crucible by means of a 30. K. W. Ajax induction furnace. When the iron 
was just fluid, the calculated a.mount of copper and ferro-alloys were added. 
When the molten alloy had reached 2500°F., the melt was poured into a 
damp sand flask. The flask was not broken until the casting had reached a 
temperature below red heat. 
The chemical compositions of the prepared alloys ( #11 to #31) and of 
the white cast iron base ( #R) are given in table 1. 
B. THE INFLUENCE OF THE COPPER COMPOSITION ON THE AJ TEMPERATURE 
OF WHITE CAST IRON 
The nature of the proposed heat treatment made necessary a fair knowl-
edge of the Ari temperature of the alloys to be heat treated. To this end 
differential heating and cooling curves were run on annealed samples using 
a Leeds and Northrup apparatus. The cooling and heating curves were run 
at a rate of 20° to 25°F. per minute. Besides copper, the alloys used con-
tained 2.05 per cent C, 0.65 per cent Si, 0.21 per cent Mn, 0.031 per cent S 
and 0.141 per cent P. The results of the thermal analysis are given in 
table 2. 
C. THE PROCESS OF HEAT TREATMENT 
Samples were placed in iron pipe containers and surrounded with gran-
ular carbon. All heating trials were made in an automatically controlled 
Hump furnace. After the heat treatment, the samples were allowed to cool 
in the pipe-containers. 
i Original Thesis submitted June, 1933. 
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TABLE 1. 
Peroontage ·Of Chemical Composition 
Fracture 
Alloy of 
No. Cu c Si s Mn p casting 
11 4.47 2.33 0.81 0.033 0.24 0.119 White 
12 3.10 2.52 0.84 0.029 0.22 0.120 " 
13 2.26 2.49 0.81 0.036 0.25 0.120 " 14 1.94 2.54 0.81 0.033 0.25 0.123 " 
15 1.35 2.52 0.82 0.028 0.25 0.123 " 
37 1.03 2.60 0.85 0.061 0.25 0.127 " 17 0.76 2.59 0.85 0.036 0.23 0.120 " 
18 0.60 2.60 0.84 0.034 0.23 0.120 " 19 0.40 2.60 0.84 0.033 0.25 0.120 " 20 0.17 2.60 0.87 0.031 0.25 0.120 " 21 0.01 2.63 0.84 0,033 0.25 0.110 " 
22 0.92 2.84 0.84 0.036 0.24 0.115 " 
23 0.92 3.08 0.82 0.030 0.25 0.115 Mottled 
24 0.94 3.28 0.83 0.030 0.24 0.115 Gray 
25 0.98 3.47 0.83 0.036 0.25 0.115 " 
26 0.91 2.71 0.95 0.036 0.28 0.115 Mottled 
27 0.94 2.61 1.07 0.033 0.26 0.115 
" 28 0.97 2.58 1.14 0.034 0.25 0.115 Gray 
29 0.95 2.54 1.22 0.033 0.24 0.120 " 
30 0.94 2.08 0.83 0.030 0.25 0.107 White 
31 0.92 2.50 0.68 0.030 0.25 0.107 
" R 0.00 2.51 0.88 0.042 0.24 0.136 " 
TABLE 2. 
Thermal Values 
Sample # Pc't'g Cu Cooling Heating 
Ar(°F) I Rate Ac(°F) I Rate 
10 0.04 1365 20°F./min. 1405 20°F./min. 
8 0.39 1350 " 1405 " 7 0.50 1345 " 1400 " 6 0.72 1340 " 1395 " 6 0.72 1345 " 1400 " 
4 0.94 1330 " 1390 " 3 1.46 1310 " 1385 " 1 3.00 1290 " 1390 " 
In order to determine the time needed to decompose the massive Fe3C, 
the ''white-fracture'' samples were placed in the furnace maintained at 
1700°F. (+ l0°F.). After the samples had been heated the required time, 
the charge was cooled in the furnace to 1450°F. (for one hour) before re-
moving. The progress of the heat treatment was determined by examining 
the polished section for Fe3C after etching with alkaline sodium picrate. 
A similar treatment was used to determine the time necessary to complete 
the graphitization of the austenite. Fresh samples were heated ten hours 
at 1700°F. and then cooled to 1450°F. at a rate of 50°F. per hour. The 
furnace was then cooled from 1450°F. to 1275°F. in ten minutes. The sam-
ples were then maintained at 1275°F. + l0°F. for some time while a sample-
container was taken out every hour. A polished section was examined for 
the presence of pearlite, after etching with 5 per cent nital. 
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The time needed to complete the graphitization, of the copper-bearing cast 
iron, at 1700°F. and 1275°F. is given in table 3. 
TABLE 3. 
Weight percentage Time for decom- Time for graphiti-
Alloy position of massive zation of eutectoid 
I I cementite carbide Cu c Si at 1700°F. at 1275°F. 
11 4.47 2.33 0.81 6 hours 3 hours 
12 3.10 2.52 0.84 5 " 3 " 13 2.26 2.49 0.81 5 
" 
3 " 14 1.94 2.54 0.81 5 " 3 " 15 1.37 2.52 0.82 6 
" 
3 " 37 1.03 2.60 0.85 7 " 4 " 17 0.76 2.59 0.85 7 " 4 " 18 0.60 2.60 0.84 7 " 4 " 19 0.40 2.60 0.84 7 " 4 " 20 0.17 2.60 0.87 8 " 5 " 21 0.01 2.63 0.84 8 
" 
4 
" 30 0.94 2.08 0.83 7 " 8 " 37 1.03 2.60 0.85 7 " 4 " 22 0.92 2.84 0.84 6 " 3 " 23 0.92 3.08 0.82 5 " 3 " 31 0.92 2.50 0.68 7 
" 
6 " 37 1.03 2.60 0.85 7 " 4 " 26 0.91 2.71 0.95 6 
" 
4 " 27 0.94 2.61 1.07 5 " 4 " 
R 0.00 2.51 0.88 8 " 5 " 
Reviewing the data found in table 3, one finds that the times for the 
secondary stage are unusually short. However, photo-micrographs show 
that the samples were completely graphitized in the indicated time. The 
writer has no definite explanation of these abnormal results. 
Two per cent copper shortens the total annealing time about 22 per cent; 
copper accelerates both stages of the graphitization equally. Above two per 
cent of copper, there is no further effect on either stage. Carbon and silicon 
have the same influence in copper-bearing castings as in ordinary white cast 
iron. Gray casting were produced with 3.28 per cent carbon (0.85 percent 
Si) and 1.15 per cent silicon (2.58 per cent C) in the presence of 1 per cent 
copper. 
The presence of copper does not markedly influence the structure of the 
white cast iron. However copper tends to refine the grains of the malleabil-
ized castings. The ferrite and pearlite of copper-bearing castings seem to 
etch much faster than the pure constituents. The influence of copper on 
the physical properties of the alloys was not investigated. 
SUMMARY 
1. A study has been made of copper on the position of the A321 point of 
a white cast iron suitable for malleabilizing. This critical temperature is 
lowered 45°F. by three per cent of copper. 
2. The influence of copper on the malleabilizing tendency of white cast 
iron has been studied quantitatively. This research indicates that copper 
shortens the time in both stages of graphitization. 
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The digestibility of milk from which the fat had been removed by means 
of a centrifugal separator, was measured in vivo with dairy calves. The 
milk was fed as raw milk, pasteurized milk, boiled milk and autoclaved milk. 
Curd-tensions were determined by a modification of the Hill method 
(Utah Bul. 227) on all samples both before and after heat treatment. Pas-
teurizing at 142°F. for 30 minutes in a vat pasteurizer reduced the curd 
tension about 20 per cent, boiling the skim milk for 3 minutes in an open 
container on an oil bath lowered the curd tension about 80 per cent and 
autoclaving the milk at 242°F. for 15 minutes reduced the curd tension to 
zero. 
These milks were fed to young calves which had gastric fistulae. A tube 
was passed through such a fistula into the abomasum by way of the reticulo-
omasal and omaso-abomasal orifices and samples of the gastric contents with-
drawn for analysis. The tube was frequently used for introducing the milk 
to be studied into the stomach instead of allowing the calf to drink the test 
meal. The rate of digestion was determined by measuring the rate of dis-
appearance of the milk curd from the stomach. In addition, hourly meas-
urements of the total acid, free acid and hydrogen-ion concentration of the 
gastric contents of the calves were made. The quantity of milk fed was two 
(2) liters in each trial. 
Raw milk usually disappeared from the stomach in from 12 to 18 hours 
after ingestion. The shortest test on raw milk lasted 10 hours and the long-
est test 29 hours. Boiled milk usually disappeared from the stomach in 
from 8 to 12 hours but remained as long as 22 hours in one case. Autoclaved 
milk acted very similarly to boiled milk. The extremes for autoclaved milk 
were not so great, however, being 8 to 12 hours. Limited data showed that 
pasteurized milk is digested in about the same time as raw milk. Compari-
sons of the various types of curd indicated that raw and boiled milk digested 
at about the same rate during the first 3 to 6 hours, after which, the curd of 
boiled milk disappeared much more rapidly. 
Acidity curves on both raw and boiled milk rose similarly until about the 
8th or 9th hour. The curves for raw milk leveled out from this point on 
until about the seventeenth hour when a marked decline took place. The 
curves for boiled milk, however, showed a sharp decline from the 8th hour 
on. 
Boiled and autoclaved milk left the stomach faster than raw milk, not 
because the gastric juice varied in acidity but more likely because heating 
changed the curd of the milk in some way so as to allow the gastric juice 
more curd surface to attack. This change is definitely shown by the change 
in curd tensions of the milk before and after heat treatment. 
A normal calf without a gastric fistula was fed four pounds of mixed 
1 Original Thesis submitted March, 1932. 
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whole milk, from the college herd, and autopsied eight hours after feeding. 
The stomach contents were then measured as a check on the fistulae calves. 
The results were very similar in quantity and state of digestion to those of 
the experimental calves for the same time after feeding. The data indicate 
that fistulae operations do not disturb the normal process of digestion. 
While making the studies with fistulae-calves it was found that raw milk 
coagulated in the stomach. of the calf in from one to ten minues. Boiled 
milk and autoclaved (242°F.) milk coagulated more slowly in the stomach-
usually requiring from 8 to 15 minutes. The shortest clotting time for 
boiled milk was two minutes. One sample each of boiled and autoclaved 
milk did not quickly form a consistent curd mass but resembled thick cream 
soup two hours after ingestion. 
X-ray photographs were taken of calves' stomachs. These pictures were 
taken on separate days and at intervals varying from 6 to 13 hours after 
feeding two liters of skim milk containing 100 grams of barium sulphate. 
After the pictures were taken the stomach contents were removed (via gas-
tric fistula) and weighed. These weights were then compared with the 
volume of the stomach contents as shown in the pictures. Although the curd 
in the stomach is visible in the pictures it is believed the X-ray method of 
studying digestion in the calf is only fair at best. Barium sulphate, fed 
along with the milk, coats the walls of the stomach and tends to mask the 
actual curd content. 
Standard clinical methods were adopted to study the effects of heat on 
milk ingested by a human subject. A Rehfuss stomach tube was swallowed 
by the author and kept in the stomach throughout each trial. Samples of 
gastric juice were withdrawn and analized for total acid, free acid and hy-
drogen-ion concentration. The resultant acidity curves add proof that 
boiled milk and autoclaved (242°F.) milk leave the stomach in a shorter 
time than does raw milk. The 500 cubic centimeter samples of boited and 
autoclaved milk were sometimes digested at the end of four hours. Raw 
milk usually required five to six hours but occasionally required a longer 
period. 
The time of digestion varied considerably in both the human subject and 
in calves. This variation is probably due to such factors as fatigue, indi-
viduality and state of health. 
THE CORRELATION BETWEEN THE ORGANISMS FOUND 
MICROSCOPICALLY AND THE BACTERIOLOGICAL 
DETERIORATION OF BUTTER1 
JOHN .ALBERT NELSON 
From the Department ,of Dairy Ind!u.stry, Iowa State College 
Accepted for publication July 15, 1933 
Good keeping quality is one of the cardinal virtues of butter that is 
properly made and is indispensable in the successful marketing of the 
product. Butter of poor keeping quality is a cause of heavy :financial losses 
to creameries and butter merchants. To avoid financial loss, due to poor 
kfeping quality, various tests have been devised to give a general idea of 
the sanitary conditions under which the butter was made, but none of these 
tests give any idea of the keeping quality. In order to determine whether 
or not it is possible to predict the keeping quality of butter with reasonable 
accuracy by a microscopic study of the flora and to develop a practical 
method for determining keeping quality and for studying the changes in 
flavor score and microfiora in butter this work was undertaken. 
Samples of butter of varying quality were collected in two-ounce, glass 
stoppered, sterile bottles from a large number of butter plants. When re-
ceived the butter was scored and criticised for flavor and aroma by experi-
enced judges. Microscopic slides were prepared from the samples by the 
method devised by Hammer and Nelson2 and the samples were also plated 
on beef infusion agar and the plates incubated four days at 21°C. The 
butter samples were then placed in an incubator and held at 21°C. for 
seven days. At the end of the holding period, the samples were again scored 
and criticised for flavor and aroma, and microscopic slides again made. 
It was found that holding the samples at 21°C. for seven days in gla.ss-
stoppered bottles protected from light seemed to reveal the defects that the 
butter would develop under ordinary conditions, and consequently this time 
and temperature of holding were adopted. 
The keeping qualities of the samples were predicted by a study of the 
microorganisms on the original slides, the predictions being made before the 
samples were rescored. The predictions were based on the types and num-
bers of organisms found on the original slides. The types and num-
bers of rods present seemed to be an index to the keeping qualities. If no 
rods, or only a relatively few rods, were found the keeping quality was not 
questioned, especially if the rods were of the thick type. If many thin rods 
were present, the possibility of the butter keeping was greatly reduced, par-
ticularly when the thin rods were well stained, indicating that the organisms 
were alive. Clumps of well stained thin rods were almost a sure sign .of 
deterioration. A very few well stained thin rods were generally sufficient 
to cause deterioration in unsalted butter, while salted butter seemed to re-
quire a larger number, due presumably to the inhibiting effect of salt. In 
general, micrococci and yeasts did not seem to have any detrimental effect 
1 Original Thesis submitted June, 1932. 
2 Haminer, B. W., and J. A. Nelson. A :Method for the Microscopic Examination of. 
Butter. Ia. Agr. Exp. Sta. Res. Bul. 137 
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on the keeping quality, even when large increases took place, especially in 
unsalted butter. 
The keeping quality was studied with 303 samples of commercial salted 
butter, 93 of commercial unsalted butter, and 53 of exhibition butter. 
The keeping quality was correctly predicted from the original microscopic 
slides with 292 (96.4 per cent) of the 303 samples of commercial salted 
butter, with 74 (79.6 per cent) of the 93 samples of commercial unsalted 
butter, and with 45 ( 84.9 per cent) of the 53 samples of exhibition butter. 
Since unsalted butter deteriorates more readily than salted butter, it would 
be reasonable to expect that the keeping quality of unsalted butter would 
be more difficult to predict correctly than the keeping quality of salted but-
ter. Due to the presence of a small amount of salt, exhibition butter should 
not deteriorate as readily as unsalted butter and, accordingly, it would also 
be reasonable to expect that the keeping quality of exhibition butter would 
not be as difficult to predict correctly as the keeping quality of unsalted 
butter. 
From the results obtained, it appears that much can be learned about the 
keeping quality of butter by holding samples at 21°C. for seven days and 
comparing, microscopically, the microflora when received with the microflora 
after the holding period. By observing the morphologic types of organisms 
present on the microscopic slide made from a sample of butter before the 
holding period, the keeping quality can be fairly accurately predicted. From 
the same slide, the number of microorganisms in the butter can be estimated 
and a general idea as to the quality of the cream used can be obtained. 
Furthermore, by studying the types of organisms present on the slide an 
idea as to whether or not butter culture was employed in the manufacture 
of the butter can be had. By comparing the numbers and types of organ-
isms found on the microscopic slide made after the holding period with the 
organisms found on the original slide, the increase or decrease in the num-
bers of organisms of the various morphologic types during the holding 
period can be estimated. The numbers and types of organisms on the slide 
will also indicate whether or not the butter was carefully made under sani-
tary conditions and, in case deterioration did take place, whether this de-
terioration was due to microorganisms or to some other cause. 
The most prevalent defects encountered after the holding period in the 
samples studied were protein decomposition, cheesiness, and putrid. These 
defects developed in 10 per cent of the commercial salted samples, 25.8 per 
cent of the commercial unsalted samples, and 30.2 per cent of the samples of 
exhibition butter. The original microscopic slides made from these samples 
showed the presence of small thin rods, and the microscopic slides made 
from the deteriorated samples revealed enormous numbers of such rods, so 
that there was apparently extensive growth during the holding period. The 
plate counts did not indicate in any way that these samples would deterior-
ate. 
The growth of microorganisms during the holding period did not always 
result in deterioration. Higher microscopic counts were found after the 
holding period than before in 59.7 per cent of the commercial salted sam-
ples, 89.2 per cent of the commercial unsalted samples, and 92.5 per cent of 
the samples of exhibition butter. The types of organisms which developed 
and predominated after the holding period seemed to be the deciding factor 
in whether or not deterioration took place. In no case did a sample show 
good keeping quality when small thin rods predominated. in the microflora. 
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of the butter after the seven-day holding period. Micrococci developed 
readily, especially in unsalted and exhibition butter held at 21°C., but they 
apparently did not have any influence on the keeping quality. This would 
be reasonable to expect when, in general, micrococci cause changes in milk 
only slowly. In nearly all cases where deterioration did take place, a large 
increase in the numbers of microorganisms was found. This would indicate 
that bacteriological deterioration is more prevalent than cheinical detoriora-
tion of butter under the holding conditions used in the tests. 
No correlation existed between the plate counts and the keeping qualities 
of the butter. Some samples with low plate counts kept poorly, and some 
samples with high plate counts kept well. Keeping quality did not seem to 
be so directly related to the numbers as to the types of microorganisms 
present in the original butter. The colonies found on the plates did not 
indicate the general types of organisms responsible for deterioration of the 
butter. 
The flavor scores of the butter when received could not be correlated with 
the keeping quality. There were samples in the lower range of flavor scores 
that kept well, and others that kept poorly, and the same was true of the 
samples in the higher range of flavor scores. This indicated that the quality 
of the cream was probably not as important a factor in making butter of 
good keeping quality as the care exercised and the sanitary conditions un-
der which the butter was made. 
The changes in numbers of butter culture organisms in butter were 
studied, both by the plate and by the microscopic method, in eight samples 
of salted butter, and in eight samples of unsalted butter held at 21°C. The 
organisms did not develop to any extent in the salted butter, but did de-
velop very well in the unsalted butter. It was also noted in comparing 
the appearance of the cells of the butter culture organisms in the salted 
butter with the appearance of the cells of the same culture in unsalted 
butter that the cells in the salted butter seemed to be shrivelled, and were 
stained a little deeper in color. This difference was probably due to the 
presence of salt. 
The changes in the numbers of S. lactis and citric acid fermenting strep-
tococci were studied both by the plate and by the microscopic method, in 
ten samples of salted butter and in ten samples of unsalted butter held at 
21°C. These organisms also developed slowly, if at all, in the salted butter 
but developed very well in the unsalted butter. 
The changes in numbers of Inicroorganisms were studied microscopically 
in 18 samples of salted butter, .and in 11 samples of unsalted butter held at 
about -20°C. for storage periods ranging from 150 to 171 days, after being 
held for seven days at 21°C. There was always a decrease in numbers of 
microorganisms, both in the salted and the unsalted butter, during the 
storage period. The microflora of the stored butter, as shown by the micro-
scopic slides, appeared about the same as that of the butter before storage, 
but many of the cells were partly autolyzed. 

THE MICROFLORA OF CHURNS AND ITS IMPORTANCE IN 
THE DETERIORATION OF BUTTER1 
HAROLD CECIL OLSON 
From the Department of Dairy 111Wu.stry, Iowa State College 
Accepted for publication July 15, 1933 
Studies carried out on 27 churns in 24 Iowa creameries showed that the 
sanitary condition of the churns varied greatly and that few of them were 
in a satisfactory sanitary condition. The microflora of the churns with low 
bacterial counts usually included few types, chiefly members of the genus 
Bacillus, while the microflora of churns with high bacterial counts usually 
included many types, chiefly micrococci. The yeast and mold counts were 
much lower than the bacterial counts and were roughly proportional to 
them. The general sanitary condition of a plant was usually a better index 
to the cleanliness of the churn than the churn washing procedure reported 
by the plant manager. 
Uniformly low bacterial, yeast and mold counts were secured on churns 
treated with the procedure normally used in the Iowa State College cream-
ery. This consists of rinsing out the fat, filling the churn one-third to one-
half full of water at l80°F. or higher, adding washing powder, revolving 
for 15 minutes and draining; the churn is then filled one-half full of water 
at about 200°F., revolved for . about 20 minutes, drained and dried. The 
microflora of the normally washed churns included very few types, chiefly 
members of the genus Bacillus. The yeast and mold counts were commonly 
higher on churns that had stood a day or two after washing than on the 
freshly washed churns. 
The treatment of normally washed churns with solutions of sodium hy-
pochlorite, chlorinated lime or calcium hypochlorite resulted in significant 
reductions in the numbers of organisms in the churns; the concentrations of 
available chlorine used ranged from 56 to 122 ppm., the temperatures of the 
solutions from 70° to 139°F. and the periods of exposure from 5 to 45 
minutes. The counts after treatment were all so low and the variations so 
small that no definite conclusions could be drawn as to the effect on the final 
counts of variations in concentrations of available chlorine, and in tempera-
tures and periods of exposure; there was apparently less correlation between 
these factors and the count following treatment than between the counts 
before and after treatment. There were evidently no differences in the 
efficiencies of the three chlorine compounds used. In general, the decreases 
in available chlorine were higher when the temperatures were comparatively 
high and the periods of exposure comparatively long. 
The treatment of a normally washed churn with saturated solutions of 
sodium chloride did not significantly reduce the numbers of organisms con-
tained in the churn; there was evidence of certain salt tolerant types being 
carried into the churn by the sodium chloride solutions. 
The treatment of highly contaminated churns with sodium hypochlorite 
solutions resulted in significant reductions in the numbers of organisms in 
the churns; the concentrations of available chlorine of the solutions ranged 
1 Original Thesis submited June, 1932. 
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from 75 to 141 ppm., the temperatures from 70° to 142°F. and the periods 
of exposure from 10 to 60 minutes. In general, high concentrations of avail-
able chlorine, high temperatures and long periods of exposure resulted in 
the greatest efficiencies but the temperatures of the chlorine solutions ap-
parently had a greater influence in determining the efficiences than the avail-
able chlorine concentrations or periods of exposure. Many types of organ-
isms were usually present in the churns before treatment while after treat-
ment there were few types, chiefly members of the genus Bacillus. Yeasts 
and molds were never detected in the chlorine solutions after exposure to 
the churns while significant numbers of these organisms were often found 
in the water used to rinse the churns after treatment; this suggests the 
presence in the churns of certain infection foci which did not have sufficient 
contact with the sterilizing medium. 
On a highly contaminated churn a commercial chloramine preparation 
was not as efficient, especially in the destruction of yeasts and molds, as was 
sodium hypochlorite. The concentrations of available chlorine of the solu-
tions used ranged from 28to113 ppm., the temperatures from 135°to192°F. 
and the periods of exposure from 20 to 80 minutes. The chloramine solu-
tions were most efficient at high temperatures and they were much more 
stable than the hypochlorite solutions; even at the excessively high tem-
peratures used the decreases in available chlorine were not great. 
Hot water was effective in reducing the numbers of organisms in churns 
to a very low figure when the temperature of the water was 180°F. or higher 
and the periods of exposure 30 minutes or longer, hut spore forming bacteria 
were able to survive. With short exposures/e'asts, molds and non-spore 
forming bacteria were able to survive; this suggests that they were harbored 
in more or less protected places to which the heat did not penetrate suf-
ficiently. 
Sixty-one pure cultures of bacteria isolated from churns were inoculated 
into cream just before churning. All caused some changes in unsalted but-
ter stored at 59°F., although with many the changes were not great. In 
general, organisms common to clean churns (genus Bacillus types) were not 
as detrimental to the keeping quality of butter as the types commonly found 
in highly contaminated churns. Mixed cultures, each representative of the 
flora of a churn, brought about more rapid and more extensive changes in 
butter than did the pure cultures. 
The detrimental influence of a contaminated churn on the keeping quality 
of butter made in it was demonstrated as follows: Half of a batch of pas-
teurized cream was churned in a contaminated churn and the other half in 
the same churn after it had been thoroughly cleaned. Samples of the salted 
and unsalted butter from the contaminated and clean churns were stored at 
various temperatures and their keeping qualities compared. Counts were 
run on the samples of fresh unsalted butter and on the samples after stor-
age. The fresh butter churned in contaminated churns had a considerably 
higher average plate count and a significantly higher microscopic count than 
the butter churned in the clean churns. After storage at 45°F. for from 21 
to 63 days the unsalted butter from the clean churns usually had a lower 
plate count than the butter from the contaminated churns and after storage 
at room temperature (about 70°F.) for seven days the average microscopic 
counts on the salted and unsalted butter from the contaminated churns were 
higher than those on the butter from the clean churns. 
The salted butter kept well at both 32°F. and 45°F. and there were no 
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significant differences in the scores on the butter from the contaminated and 
from the clean churns. The unsalted butter deteriorated rapidly both at 
32°F. and 45°F., and the deterioration was most rapid at the higher temper-
ature. The unsalted butter from the contaminated churns deteriorated 
more rapidly and more extensively than the butter from the clean churns, 
both at 32°F. and at 45°F. Rancidity was the most common flavor defect 
produced in butter from the contaminated churns, while cheesiness was most 
common in butter from the clean churns. 
The possibility of the creamery air as a source of contamination of churns 
was demonstrated by exposing sterile malt agar and beef infusion agar 
plates to the creamery air and to the air within churns. Considerable num-
ber of organisms were found to fall on the plates and the numbers of bac-
teria were far greater than the numbers of yeasts and molds. The numbers 
of organisms falling into the churns were markedly decreased by covering 
the door openings with muslin. 
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Accepted for publication July 15, 1933 
The purpose of the research herein reported, was to obtain information 
on the relative efficacy of ground limestone, steamed bone meal and Dicapho 
(a commercial di-calcium phosphate) as calcium supplements to rations for 
growing and fattening pigs. This work was conducted in two parts. Part I 
involved calcium and phosphorus metabolism studies, while Part II was 
concerned with the more practical phases, namely, the record of gains in 
liveweight and feed required per 100 pounds gain in liveweight. 
PART I 
Data were collected in metabolism experimentation, which involved 15 
growing barrows ranging in initial weight from 50 to 230 pounds. This 
phase of the research included four metabolism trials, each of which con-
sisted of two, three, or four metabolism periods 10 to 14 days in length. A 
series of consecutive tests made on the same group of pigs constituted a 
trial, while each test in a trial was termed a period and constituted a specific 
comparison of rations. The only exception was in the case of the check 
periods in which all pigs were compared in regard to individual variation 
in the metabolism of calcium and phosphorus. 
Trials I, II, and III were designed to determine the efficacy of ground 
limestone, steamed bone meal and Dicapho when fed as calcium supple-
ments, at low and high levels of intake, to a basal ration deficient in calcium. 
In an effort to make conditions even more stringent thereby increasing the 
possibility of showing differences which might exist in the utilization of 
these calcium compounds, vitamin D additions were purposely omitted from 
the ration. The ingredients of the basal ration as combined quite adequate-
ly supplied all nutrients necessary for growth except calcium and vitamin 
D. Trial IV was conducted with four uniform barrows withdrawn from 
four lots in the feed lot experiment reported in Part II to follow. 
The experimental animals were purbred Poland Chinas with the excep-
tion of those used in Trial IV, which were crossbred. The metabolism crates 
employed were similar in construction, although somewhat smaller than 
those used by Forbes (3). The low calcium basal rations fed in Trial I, II, 
and III were composed of the following feeds: Ground yellow corn, soy-
bean oilmeal, blood fl.our and salt (Na Cl). These basal rations contained 
from 0.05 to 0.1 per cent of calcium depending upon the proportion of the 
ingredients. The proportion of each constituent used was determined ac-
cording to a recommended feeding standard ( 4). Ground limestone, steamed 
bone meal and Dicapho were added to the basal ration in amounts to supply 
an equivalent intake of calcium from each supplement. All constituents of 
i Original Thesis submitted June, 1933. 
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the rations were finely ground and thoroughly mixed with the calcium sup-
plements, which previously had been pulverized so that they would pass 
through a 200-mesh per inch sieve. The feces excreted by each pig during 
each metabolism period were collected daily and the composite preserved in 
0.2 per cent formalin solution. At the end of each period representative 
composite samples were taken and prepared for chemical analysis. Com-
posites of urine and wash water were also prepared for each pig during 
each period and preserved in thymolchloroform and hydrochloric acid. 
The calcium in the feed, feces and urine was determined by McCrudden 's 
Method (5) using the gravimetric alternative. The phosphorus in the ra-
tion and in the excreta was determined gravimetrically by the standard 
molybdate magnesium mixture method (1). All chemical analyses were 
conducted in triplicate. 
The experimental results obtained show that when equivalent amounts of 
calcium as present in ground limestone, steamed bone meal and Dicapho 
were fed as supplements at low and high levels of intake to a low calcium 
basal ration, the retention of calcium and phosphorus by all these pigs was 
similar, except the one which received the high level of limestone supple-
mentation. In the case of this exception, when the amount of the phosphorus 
in the limestone supplemented ration was increased by the use of a neutral 
mixture of mono- and di-sodium phosphate to an amount similar to that 
found in the bone meal supplemented ration, the pig's retention of calcium 
and phosphorus improved. Apparently hog rations having a Ca :P ratio 
as wide as 2.13 :1 and at the same time supplying minimum quantities of 
antirachitic and phosphorus are unsatisfactory for best results. Rations 
with calcium to phosphorus ratios ranging from 0.6 :1 to 1.6 :1 gave satis-
factory results. Bone analyses were made on the femurs and humeri of 
the four pigs used in Trial IV. The data revealed very small differences 
in the total ash, calcium and phosphorus composition of the bones of the 
pigs which received ground limestone, steamed bone meal and Dicapho. 
The femurs and humeri of the check pig, which had received only the low-
calcium basal ration, were abnormally low in ash, calcium, and phosphorus. 
PART II 
A feed lot experiment was conducted simultaneously with the metabolism 
experiment. Eighty uniform pigs, 112 days old and averaging 88 pounds 
in weight, were used. These pigs were divided into eight lots of 10 pigs 
each, four lots formed Series I and the remaining four, Series II. Series II 
served as a check on Series I. As each lot of pigs reached an average weight 
of 225 pounds per pig, the lot was terminated. During the experiment one 
lot in each series was fed a finely ground check ration composed of corn, 
tankage, linseed oilmeal, alfalfa meal and salt (Na Cl). The remaining 
three lots in each series were fed the same check ration supplemented with 
equivalent amounts of calcium furnished by ground limestone, steamed bone 
meal, and Dicapho respectively. 
Gains in liveweight and feed requirements per unit of gain were observed. 
The daily gains made by the pigs in each lot in Series II checked with those 
in Series I so that the largest difference in average daily gains per pig be-
tween lots was 0.1 pound. In reference to the statistical significance of a 
difference of 0.1 pound, it has been the experience of the Iowa Agricultural 
Experiment Station that differences up to 0.14 pound may be expected be-
tween pigs receiving the same treatment. One can conclude with consider-
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able assurance, therefore, that these rations were all similar in their capacity 
to promote gain in liveweight. Data on feed consumption per 100 pounds 
gain in weight, show that the largest mean difference between lots receiving 
different rations was 11.41 pounds. The standard deviation of this mean 
difference was 5.66 pounds. The mean difference should be at least 4.3 
times larger than its standard deviation (when there are but two degrees of 
freedom) to be significant (2). It is evident, therefore, that the differences 
in feed consumption per unit of weight between these lots of pigs were 
statistically non-significant. Calcium and phosphorus metabolism data col-
lected from a trial which was conducted with representative barrows taken 
from Series II confirm these feed lot observations. 
CONCLUSION 
The results obtained in these experiments show that limestone, bone meal, 
and Dicapho are utilized by pigs as calcium supplements with equal effi-
ciency, except when the calcium-phosphorus relationship of the ration is 
upset, as is possible when limestone is added in large amounts as a supple-
ment. 
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In the study of the mechanism of certain reactions of organomagnesium 
halides it is not always possible to replace the -MgX group in the inter-
mediate compound by other groups. Accordingly the organometallic com-
pounds of calcium, strontium, barium, and beryllium were studied to deter-
mine whether such replacements could be more readily accomplished by the 
substitution of another metal for the magnesium. 
I. ORGANOC.A.LCIUM IODIDES 
Beckmann2 has made the only extensive study of organocalcium iodides. 
These compounds can be made by a technic similar to that used for the 
preparation of organomagnesium halides but reaction between calcium and 
organic iodide is more difficult to initiate, it is slower, and gives poorer 
yields. Only a limited number of RX compounds, namely ethyl iodide, 
n-butyl iodide, n-octyl iodide, and iodobenzene, were found to form organo-
calcium iodides. Ethyl bromide, iso-propyl iodide, tert.-butyl iodide, benzyl 
bromide, and benzyl iodide failed to react with calcium. The presence of 
organocalicum iodide was proved by the formation of typical derivatives 
and by a positive color test with Michler's ketone described by Gilman and 
Schulzel'. 
During the formation of organocalcium iodides a voluminous white solid 
forms, this, contrary to Beckmann, was shown to be calcium iodide diether-
ate, CaI22(C2H 5 ) 20. Apparently the main reaction is coupling of the alkyl 
groups. In the reaction between ethyl iodide and calcium a positive color 
test was obtained but the amount of ethycalcium iodide was insufficient w 
form the expected anilide with phenylisocyanate. The reaction between 
n-butyl iodide and calcium formed much calcium iodide dietherate, a trace 
of butane, and 29 per cent n-octane. The formation of n-butylcalcium 
iodide was proved by the formation of n-valeryl-a-naphthalide with a-
naphthylisocyanate and by a positive color test. A positive color test was 
obtained with the product made by shaking calcium, n-octyl iodide, and 
ether in a sealed tube for 24 hours. Much calcium iodide dietherate was 
formed and 17.8 per cent hexadecane, C16HH, was isolated. 
Phenylcalcium iodide seemed to be formed in better yield than other or-
g~ocalcium iodides. It reacted with phenylisocyanate to form benzanilide. 
The intermediate product of this reaction failed to react with diethyl sul-
fate, therefore it was not possible to prove the mechanism of this reaction. 
Phenylcalcium iodide reacted incompletely with benzoyl chloride, the re-
action product still gave a positive color test and had a strong odor of 
benzoyl chlroide after 24 hours. The positive color test may be of little 
significance here for it was subsequently shown that some compounds, in-
1 Original Thesis submitted December, 1927. 
2 Beckmann, Ber., 38, 904 (1905). 
a Gilman and Schulze, J. Am. Chem. Soc., 447: 2002 (1925). 
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eluding acid halides, interfere with the color test. About one per cent tri-
phenyl carbinol was formed in this reaction. 
II. ORGANOSTRONTIUM HALIDES 
In this study attempts were made to bring about reaction between ethyl 
iodide or iodobenzene with metallic strontium in the presence of ether. 
Small sealed tubes were used as reaction vessels. Several varieties of stron-
tium were tried, including a sample of strontium amalgam; two samples of 
electrolytic strontium; and a sample of sublimed strontium of high purity. 
Iodine, or a mixture of mercuric chloride and iodine, were used as catalysts. 
Temperature was varied from room temperature to 225°. The tubes were 
shaken for various lengths of time and allowed to stand for periods up to 
one year. The color test with Michler's ketone was used to test for the 
formation of organostrontium halide. In no case was there any evidence 
that the desired reaction had taken place. 
III. ORG.ANOBARIUM HALIDES 
Attempts were made to prepare organobarium halides by methods similar 
to those already described for strontium. Samples of barium amalgam, 
domestic electrolytic barium, and sublimed barium of high purity failed to 
react with ethyl iodide or iodobenzene under a variety of conditions. A 
sample of foreign electrolytic barium reacted with iodobenzene to give a 
positive color test and several characteristic derivatives. However, this 
sample, as well as the organometallic derivative, was shown to contain most-
ly calcium and only traces of barium. In view of the results obtained it is 
apparent that the desired organobarium halides may not have been obtained 
in this study. 
IV. CALCIUM, STRONTIUM, AND BARIUM DIALKYLS AND DIARYLS 
Failure to obtain organometallic halides of strontium and barium led to 
attempts to prepare the dialkyls and diaryls of the alkaline earth metals. 
Various samples of calcium, strontium, and barium were treated in sealed 
tubes with mercury diethyl, mercury di-n-butyl, mercury diphenyl, and 
mercury di-p-tolyl. These reactions were allowed to proceed at room tem-
perature to 225 • for several hours to several weeks. In spite of slight visual 
evidence of reaction in a few cases the products in no case gave a color test 
with Michler's ketone. It was therefore apparent that the desired organo-
metallic compounds had not been formed. 
V. ORG.ANOBERYLLIUM HALIDES 
Several unsuccessful attempts have been made to prepare organoberyl-
lium halides.* Durand5 claimed to have prepared methylberyllium iodide 
but his claims could not be substantiated by our study. Methylberyllium 
iodide was first prepared by us by heating a mixture of beryllium, methyl 
iodide, ether, and a trace of mercuric chloride in a sealed tube at 80° to 90•. 
In a similar manner we prepared ethylberyllium iodide, n-butylberyllium 
iodide, phenylberyllium iodide, and ethylberyllium bromide. 
The formation of organoberyllium halides does not take place below 80° 
or 90°. Phenylberyllium iodide is preferably prepared at 110° to 150°. 
& Gilman, J. Am. Chem. Soc., 45: 2693 (1923). 
5 Durand, Compt. rend., 182: 1162 (1926). 
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Catalysts for the reaction, in order of effectiveness, are: mercuric chloride, 
beryllium chloride, a mixture of mercury and iodine, iodine, and bromine. 
An alloy or beryllium and copper, activated with iodine, was not effective. 
Ethyl ether was the usual solvent, however, it is not essential since methyl-
beryllium iodide was prepared by heating a mixture of beryllium, mercuric 
chloride, and a large excess of methyl iodide in a sealed tube. 
Water decomposes organoberyllium halides with formation of the cor-
responding hydrocarbons. They react slowly with Michler's ketone to give 
a positive color test and rapidly if heated. Ethereal solutions do not fume 
in the air but the residues do when the ether is evaporated and heating is 
continued. Beryllium dialkyls are formed in this process by the following 
reaction: 
2 RBeX ~ BeR2 + BeX2 
Carbon dioxide does not react with these compounds. Phenylisocynanate 
reacts to form the corresponding anilides. In general, the organoberyllium 
halides appear to be less reactive than beryllium dialkyls or the correspond-
ing organomagnesium compounds. 
VI. BERYLLIUM DIALKYLS 
Cahours6 claimed to have obtained beryllium diethyl by reaction of 
beryllium with ethyl iodide or mercury diethyl in sealed tubes at elevated 
temperatures. Inasmuch as he incorrectly described its physical and chem-
ical properties it is quite probable that he did not obtain this compound. 
Lavroff7 probably obtained beryllium dimethyl by reaction of beryllium 
with mercury dimethyl. Krause and Wendt8 state that beryllium dialkyls 
may be prepared by the reaction between beryllium chloride and an excess 
of Grignard reagent. 
We made several unsuccessful attempts to prepare beryllium diethyl and 
beryllium di-n-butyl by reaction of beryllium with pure mercury dialkyls 
under a variety of conditions. We succeded in obtaining beryllium di-
methyl by reaction of the metal with mercury dimethyl that contained a 
trace of methylmercury iodide. Beryllium diphenyl and beryllium di-p-
tolyl were prepared by heating the metal with the corresponding mercury 
aryls with a trace of mercuric chloride in sealed tubes at 225° for six hours. 
It is possible to prepare beryllium alkyls from alkylberyllium halides, as 
shown by the previous study. However, the most convenient method is by 
the reaction of anhydrous beryllium chloride with the appropriate Grignard 
reagent. 
Beryllium dimethyl, beryllium diethyl, and beryllium di-n-butyl were 
prepared by this method. An ethereal solution of anhydrous beryllium 
chloride was added to the Grignard reagent. The product was isolated and 
purified by a process of ether vapor distillation, advantage being taken of 
the volatility of beryllium dialkyls with ether vapor. Since the beryllium 
dialkyls are very sensitive to oxygen or moisture it was necessary to con-
duct all operations in an atmosphere of pure, dry hydrogen or nitrogen. 
Beryllium dimethyl was obtained in the form of white needles when an 
ethereal solution was evaporated in an inert atmosphere. It is also deposited 
e Ce.hours, Ann. Chim. Phys., (3) 58: 22 (1860); Comp. rend., 76: 1383 (1873). 
r La.vroff, J. Russ. Phys. Chem. Soc., 16: 93 (1884); Bull. soc. chim., (2) 41: 548 
(1884). 
s Kra\186 and Wendt, Ber. 56: 467 (l!Y.!3) footnote 2. 
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in this form when it sublimes, without melting, at about 200°. Analysis for 
beryllium, and the amount of methane liberated by hydrolysis, proved its 
composition to be Be(CH8 ) 2 • Beryllium diethyl melts at -13° to -11° 
and boils at 93-95 ° /4 mm., 110° /15 mm., and 180-240° at atmospheric pres-
sure. Beryllium di-n-butyl boils at 170°/25 mm. 
Beryllium dimethyl and beryllium diethyl are spontaneously inflammable 
in the air. Beryllium di-n-butyl reacts with air, with evolution of heat, to 
form beryllium butylate. Beryllium dialkyls react violently with water to 
form the corresponding hydrocarbons and beryllium hydroxide. Pure 
beryllium dimethyl inflames in carbon dioxide and in ethereal solution it 
forms acetic acid by reaction with carbon dioxide. Triethyl carbinol is 
formed by the reaction between carbon dioxide and an ethereal solution of 
beryllium diethyl. Phenylisocyanate reacts with violence with ether solu-
tions of beryllium dialkyls to form the expected anilides. An instantaneous 
positive color test is obtained with Michler's ketone. Benzophenone reacts 
with beryllium dimethyl to give diphenylmethylcarbinol; beryllium diethyl, 
on the other hand, reduces benzophenone to benzhydrol. Beryllium dimethyl 
yields dimehtylphenylcarbinol with benzoyl chloride. Methylberyllium 
iodide is formed when beryllium dimethyl is treated with one equivalent of 
iodine. Beryllium diethyl and beryllium chloride form ethylberyllium 
chloride. The following equilibrium is probable: 
BeR2 + BeX2 ~ 2 RBeX 
In general, beryllium dialkyls are at least equal in reactivity to Grignard 
reagents and apparently more reactive than alkyberyllium halides. 
VII. ORGANOMETALLIC ANTI-KNOCK COMPOUNDS 
The preparation of tri-p-bromophenylstibine and tri-p-dimethylamino-
phenylstibine was undertaken in connection with studies of organometallic 
anti-knock compounds. Tri-p-bromophenylstibine was prepared in 90 per 
cent yield by treating an ether solution of freshly distilled antimony tri-
chloride with an excess of p-bromophenylmagnesium bromide. The product 
was a light yellow, transparent solid that refused to crystallize and there-
fore could not be completely purified. Several unsuccessful attempts were 
made to prepare tri-p-dimethylaminophenylstibine by the Grignard re-
action and by condensation of dimethylaniline with antimony trichloride. 
'l'he products of these reactions were dark, amorphous tars. · 
ORGANOLEAD COMPOUNDS1 
EDMUND B. TOWNE 
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This thesis has for its purpose the consideration of two general types of 
reactions characteristic of organolead compounds. The first reaction con-
cerns the preferential cleavage of carbon-lead linkages by hydrogen chloride 
in a study of the lability or negativity of radicals; the second deals with the 
introduction of water soluble, functional groups into organolead compounds. 
(A). In the action of hydrogen chloride on an unsymmetrical organo-
lead compound of either the R3PbR' or R 2PbR/ type the more negative or 
labile R' group is split off in preference to the less labile R group. Thus by 
verying the R and R' groups in a lead compound a complete series of radi-
cals in the order of ease of cleavage can be formed; this series is at the same 
time a negativity or lability series of radicals and corresponds to a similar 
series obtained by the cleavage of either organomercury or organotin com-
pounds. 
By means of this cleavage reaction it has been shown that the increasing 
lability or negativity of some aryl radicals is as follows: phenyl, 2-thienyl, 
2-furyl. Likewise, observations concerning the cleavage of phenyl-allyl-lead 
compound shows that the allyl group is apparently more negative than the 
phenyl group. 
With this abnormal behavior of the allyl group in mind and in view of 
the fact that phenyl, thienyl and furyl ardicals contain a certain kind of 
unsaturation, a number of organolead compounds containing aliphatic un-
saturated groups were cleaved in order to ascertain what influence un-
saturation plays in the negativity or lability of radicals. 
Triphenyl-allyl-lead ( ( C6H 5 ) 8PbCH2CH=CH2 ), triphenyl-be·ta-styryl-
lead ( (C6H5 ) 8PbCH = CHC6H 5 ) and triphenyl-(buten-3-yl)-lead ( (C6 
H 5 ) 8PbCH2CH2CH=CH2 ) were split with hydrogen chloride and the re-
sults show the decreasing order of lability of these radicals to be: ( allyl, 
beta-styryl), phenyl and buten-3-yl. 
The results of cleavage indicate that the position of the double bond is 
the controlling factor in the lability of unsaturated radicals; the beta-styryl 
and the allyl radicals containing a double bond in the one and two position 
from the lead-carbon linkage, respectively, were more negative than phenyl 
while the buten-3-yl radical with the double bond in the three position is 
less negative. Not only the cleavage reaction but many other reactions also 
show the importance of the position of the double bond in the chemical and 
physiological behavior of these compounds. 
The cleavage of triphenyl-allyl-lead and triphenyl-beta-styryl-lead gave 
tri- and di-phenyl-lead chlorides which were recovered almost quantitatively 
and identified by melting points and by conversion to tetraphenyl-lead with 
phenylmagnesium bromide. The propylene and styrene also resulting from 
cleavage were recovered and identified by their physical constants and in 
the case of propylene by conversion to di-bromopropane. 
1 Original Thesis submitted December, 1932. 
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The abnormal cleavage of allyl and beta-styryl radicals does not extend to 
the buten-3-yl radical since triphenyl-(buten-3-yl)-lead yields benzene, 
diphenyl-butenyl-lead chloride and a mixture of lead chloride and phenyl-
butenyl-lead dichloride. The benzene was identified as m-dinitro-benzene, 
and the diphenyl-butenyl-lead chloride was converted to triphenyl-butenyl-
lead. 
The cleavage of a different type of compound, diphenyl-di-biphenyl-lead 
( (C11H 5 ) 2Pb(C1H,.C8H5 ) 2 ), did not give a smooth scission to one kind of 
radical, probably because of the quite similar !abilities of phenyl and bi-
phenyl radicals. The isolation and identification of diphenyl-lead dichloride 
and of diphenyl indicated that cleavage proceeds by at least two simultan-
eous reactions. 
The preparation and properties of the hitherto unknown triphenyl-beta-
styryl-lead, triphenyl-butenyl-3-yl-lead and diphenyl-di-biphenyl-lead are 
described. Buten-3-yl-magnesium halide was prepared for the first time 
from the corresponding unsaturated halide, and the yield is essentially 
quantitative. 
(B). The introduction of functional groups into organolead compounds 
was attempted in two ways: namely, the coupling of organolead halides 
with substituted halogen compounds and by rearrangement of some diazon-
ium complexes of di- and tetra-valent lead chlorides in the presence of 
copper-bronze and other metals. The diazonium complexes of plumbous 
chloride were prepared for the first time. 
Neither method gave a substituted organolead compound although tetra-
phenyl-lead was obtained in 22 per cent yield by the coupling of triphenyl-
lead chloride with chlorobenzene in the presence of sodium. However, mag-
nesium reacted with mixtures of organolead halides and alpha-halogen 
esters, but no definite coupling products were obtained. In the case of 
triethyl-lead bromide, magnesium reacted with this compound itself to give 
ethylmagnesium bromide and tetraethyl-lead. The mechanism of this un-
usual reaction of magnesium on another organometallic halide to give a 
Grignard reagent indicates the intermediate formation of unstable ( triethyl-
lead)-magnesium bromide. 
The reaction of phenylmagnesium bromide on lead chloride gave increased 
yields of tetraphenyl-lead and the mechanism of this reaction is discussed 
in relation to the appreciable amount of triphenyl-lead bromide obtained. 
Triphenyl-lead bromide, triethyl-lead bromide and diethyl-lead dibromide 
were prepared from the tetra-substituted organolead compounds and hydro-
gen bromide. Triphenyl-p-anisyl-lead was also prepared and its properties 
described for the first time. 
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Many of the soils of Iowa are too acid to support the growth of the aerobic 
nitrogen-fixing bacteria of the genus Azotobacter. It has been found, how-
ever, that some nitrogen is fixed in these acid soils. Since the anaerobic 
nitrogen-fixing bacteria of the genus Clostridium have been found active in 
soils with a pH well below 6.0, it was thought that these organisms might be 
responsible for the fixation of nitrogen. Experiments have been conducted, 
therefore, to study the anaerobic nitrogen-fixing Clostridia which live in 
those acid soils. · 
The experimental work was divided into four parts. First, it was neces-
sary to develop satisfactory anaerobic culture methods, both for the isola-
tion of pure cultures of the anaerobic nitrogen-fixers from the soil and also 
for the handling of cultures during nitrogen-fixation tests. Second, the de-
termination of the reaction requirements of the bacteria for maximum 
nitrogen-fixation. Third, a study of the nitrogen metabolism of pure and 
mixed cultures of nitrogen-fixing anaerobes in order to determine the forms 
of nitrogen represented in "fixed" nitrogen and the processes accompany-
ing nitrogen fixation. Fourth, the determination of the rate and extent of 
carbon dioxide prdouction as influenced by varying sources of nitrogen in 
the medium with calcium carbonate or calcium chloride. 
The results obtained in this in"\\estigation may be summarized as follows: 
Satisfactory methods were developed for isolating pure cultures of the 
anaerobic nitrogen-fixing bacteria from the soil. Deep tubes of nitrogen-
free agar medium were inoculated with a pasteurized soil extract and colo-
nies appearing deep in the medium were picked and tested for their nitro-
gen-fixing capacity. Some of the most vigorously growing organisms were 
selected for experimental purposes. It was found that large numbers of 
anaerobic nitrogen-fixing bacteria were present in Grundy silt loam having 
a pH of 5.3, and in Tama silt loam, also having a pH of 5.3. 
Results were obtained in tests with samples taken from variously limed 
plots on these two soil types which indicated that varying applications of 
lime had no effect upon the numbers of anaerobes or upon their ability to 
fix nitrogen in soil-solution cultures in the presence of nitrogen gas. A 
stimulating effect was observed, however, in soil taken from a plot on Tama 
silt loam which had received sufficient lime to meet the lime requirement 
and in addition, 100 pounds of 20 per cent superphosphate per acre. 
In soil-solution cultures and in pure cultures incubated in an atmosphere 
of nitrogen gas it was found that the arbitrary incubation period of 3 weeks 
was probably sufficient to measure the maximum amount of fixation. 
The effect of the initial pH of the medium upon nitrogen fixation was 
studied using soil-solution cultures incubated under anaerobic conditions. 
The initial pH of the medium apparently had very little effect, since in 
nitrogen-free media having initial pH values ranging from 6.5 to 9.5 there 
1 Original Thesis submitted June, 1933. 
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were from 4.0 to 4.3 mgm. of nitrogen fixed per 50 cc. of medium. In 50 cc. 
of a similar medium having an initial pH of 5.0 there were 3.2 mgm. fixed. 
No consistent relationship was noted between the pH of the medium and 
the amounts of nitrogen fixed over the pH range studied, but a direct cor-
relation was observed between changes in pH and glucose utilization. With 
all the media having initial pH values from 5.0 to 9.5 the reaction had been 
brought to a pH of approximately 5.0 within 5 days. It was concluded 
that the optimum pH for growth and fixation of nitrogen by the soil 
anaerobes extended over a wide range. 
In the nitrogen metabolism studies both fixed cultures and pure cultures 
of anaerobes were used. The mixed cultures were obtained by inoculating 
soil into sterile liquid medium and pasteurizing the mixture. The suspen-
sion obtained after the solids settled out was used for the tests. One of the 
pure cultures of anaerobes, culture 5, was Clostridlium butyricum, and the 
other, culture 4, was not identified. Both cultures were isolated from Tama 
silt loam. The medium used was Winogradsky's nitrogen-free liquid 
medium containing calcium carbonate or calcium chloride. In these metab-
olism studies quantitative determinations for total nitrogen, ammonia and 
amino nitrogen, glucose utilization, total acid, and in some cases volatile 
acids and pH, were made at 5-day intervals over a period of 20 or 25 days. 
Comparatively large amounts of nitrogen were fixed in the mixed cul-
tures in both media but the highest results were obtained when the calcium 
was present in the carbonate form. In the calcium chloride medium larger 
amounts of amino nitrogen and ammonia were produced than in the car-
bonate medium. Large amounts of these two forms of nitrogen were never 
present, however. Larger amounts of acid were present in the medium 
containing the calcium chloride than in that containing the carbonate. 
The two pure cultures reacted somewhat similarly when growing in the 
same medium. In the calcium chloride medium culture 5 was more efficient 
in fixing nitrogen. A marked stimulating effect was noted in both cultures 
when calcium carbonate was used in the medium instead of calcium chlor-
ide. The effect was evidenced in increased nitrogen fixation and also in 
glucose utilization. The fixed nitrogen could not be accounted for either as 
amino nitrogen or as ammonia, since only small amounts were found present 
at any time. Upon applying qualitative tests for nitrites and nitrates to 
the cultures it was found that both these forms of nitrogen were present in 
the two anaerobic cultures growing in the medium when the carbonate was 
present. 
Further metabolism studies were made growing culture 5, Clostridium 
butyricum, in media containing peptone, ammonium sulfate and sodium 
nitrate, and all containing calcium carbonate. The sources of nitrogen in 
the medium stimulated the utilization of glucose, the most pronounced ef-
fect being observed in the sodium nitrate medium. At the end of 25 days 
all the glucose in the 2 per cent solution in all the media had been utilized. 
Only negligible amounts of nitrogen were fixed in the medium containing 
peptone or ammonium sulfate. Small amounts were found :fixed in the 
sodium nitrate medium. Ammonium sulfate stimulated the production of 
amino nitrogen. Steady increases were observed during the 25 days of in-
cubation. In this medium approximately 5 mgm. of ammonia, which were 
present in 100 cc. of the medium at the beginning of incubation, entirely 
disappeared by the :fifth day. Close correlations were observed between the 
amount of acids present and glucose utilization in all the media. Appar-
ently the calcium carbonate did not neutralize the acid as soon as it was 
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formed. However, marked decreases in acidity were observed toward the 
end of the incubation period. 
The comparative effects of nitrogen-free medium and media contajning 
varying sources of combined nitrogen with calcium carbonate or calcium 
chloride in nitrogen gas and in air upon the production of carbon dioxide 
by Clostridium butyricum were studied. The Warburg micromanometric 
technic was employed in this test. The amounts of carbon dioxide produced 
in the various media were about the same when the organisms were grown 
in the nitrogen gas or in air. It is probable that no pronounced detrimental 
effect due to air could be observed because a liquid medium was used and 
constant evolution of carbon dioxide would tend to hinder the absorption 
of the oxygen of the air by the medium. When calcium carbonate was 
present large amounts of carbon dioxide were produced. In some tests 
twice as much was produced in peptone medium as in nitrogen-free or 
sodium nitrate medium. When calcium carbonate was replaced with cal-
cium chloride in the various media only very small amounts of carbon 
dioxide were produced. 
Results of further studies indicated that the larger part of the carbon 
dioxide produced by Clostridiu.m butyricum came from the breakdown of 
the glucose molecule, 1 mole of glucose yielding 1 mole of carbon dioxide. 
The neutralizing effect of the carbonate upon the acid would probably ac-
count for a small amount. 
The beneficial effect of calcium carbonate in the medium observed in most. 
of the experiments with anaerobic nitrogen fixers was probably due to its 
ability to neutralize the acids produced in the medium. It is also possible 
that the carbonate serves very effectively as an hydrogen acceptor in these 
anaerobic fermentations. 
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The purpose of this thesis is to show, by means of a number of appropriate 
derivatives needed for future investigation in furan chemistry, the methods 
and technique best adapted to this field. Since nuclear substitution re-
actions are least amenable, they are given the most consideration. These 
are conveniently divided into sulfonations, nitrations, and .halogenations. 
Certain precautions are given for working with furan compounds. Posi-: 
tively substituted furans (with substituent:s like chloro, bromo, iodo, methyl, 
amino, and the like) are quite unstable toward acids, which must be avoided 
as much as possible in their reactions. This instability seems to be due to 
ring splitting. Negatively substituted furans (having substituent:s like 
nitro and carboxyl) are, conversely, more stable toward acids, but are pro-
portionately less reactive. The nitrofurans are especially sensitive toward 
alkalis which completely decompose them, probably with ring splitting. 
Intermediate between these classifications are compounds like furfural and 
furylacryic acid. The ease of decarboxylation of the furoic acids is noted. 
All furan compounds are relatively thermally unstable, the tendency be-
ing toward resinification. Hence high temperatures and in some cases, pro-
longed use of hot solvents are to be avoided. Since the resins or polymers 
are non-volatile, steam distillation is an important and frequently used 
process in furan technique. When furan compounds are stored for any 
length of time, low temperature, absence of light and absence of oxygen are 
recommended. 
The sulfonation reactions attempted were entirely unsuccessful. These 
include sulfonation of furfural and certain furfural derivatives where the 
aldehyde group was blocked. The use of N-pyridinum sulfonic acid was 
found not to be successful for sulfonating furfural or furfural diacetate. 
All the known nitrations of furan compounds are listed in a chronological 
table. The structure of the nitro compounds and the mechanism of nitration 
in acetic anhydride are considered. A mechanism involving direct addition 
of acetyl nitrate to the furan ring is suggested to supersede the prevailing 
mechanisms of ring splitting or 1,4- addition. Some attempted Beckmann 
rearrangements of furyl methyl ketoxime, intended to prove the position of 
the nitro group, were unsuccessful. In the hope that diazotization would 
prove the position of the nitro group to be alpha-, some of the nitro com-
pounds were reduced to the corresponding amines. It was found that these 
amines would not form salts and would not diazotize. The nitro group in 
nitrosylvan was allocated with respect to the other nitrofurans by reduction 
of nitrofurfural via the Wolff reaction. Nitrosylvan was shown to be de-
cidedly resistant to oxidation. Attempts to prepare beta-nitrofuran showed 
that alpha-bromo or iodo furans could not be nitrated in acetic anhydride. 
The inert nature of nitrofuran was shown by a prolonged attempt at brom-
ination. 
1 Original Thesis submitted July, 1932. 
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In proposed halogenation of any furan derivative it is necessary to pre-
dict the stability of the expected product. The stability and reactivity of 
some alpha- and a few beta-halogenated furans are therefore discussed. The 
mechanism of furfural diacetate bromination was educed by means of the 
addition compound obtained as a by-product in the reaction. When 5-
bromofurfural or 5-chlorofurfural was treated with phenylmagnesium 
bromide, the resulting carbinol lost hydrobromic acid spontaneously. A 
study of the resulting product on the basis of a 1,5-allylic rearrangement 
showed it was not 5-phenylfurfural. Its structure was not determined al-
though a number of reactions giving contributory information were carried 
out. 5-Chlorofurfural was smoothly reduced to 5-chlorosylvan which was 
found to be quite stable. The same Wolff reaction applied to 5-bromofur-
fural led to ambiguous results. Although 5-chloro and 5-bromofurfuryl 
alcohol seem incapable of existence, reduction of 5-chlorofurfuraldoxime 
gave a very stable 5-chlorofurfuryl amine. When furfuryl chloride was 
treated with silver nitrite, no nuclear nitro compounds could be isolated. 
Rearrangement reactions with the Grignard reagent were not realized since 
furfuryl chloride would not react with ordinary magnesium, and activation 
of the metal gave only difurylethane. The brominated furylacrylic esters 
showed little tendency to lose substituted halogen. Even on reduction the 
nuclear bromine was not removed spontaneously. 
The activity of nuclear halogenated furans toward magnesium shows some 
peculiar characteristics. Although 2-iodofuran reacted easily with mag-
nesium, 2,5-diiodofuran required the reactivated metal and then gave only 
the mono-Grignard reagent; 3-iodofuran, on the other hand, would react 
with neither magnesium nor its activated modification. Comparative studies 
in method of preparation of the Grignard reagent show that the halogen in 
3-iodofuran is less reactive than in chlorobenzene. Similar properties were 
shown by 3-bromofuran. The beta- halogenofurans were found to be much 
more stable than the corresponding alpha- derivatives. 
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Ducks, game, food of five, 107 
Effect of dry-cleaning and mechanical 
cleaning upon furs, 427 
Eimeria, catalog and host-index of species 
of, 84, 93 
size of oocysts of species, 84 
Entomotog1·aph, instrument for recording 
appendicular or locomotor activity of 
insects, description of, 519 
Erewnetes pu8ill1.ts, species of Trichomonos 
from, 537 
Erysimwm par'IJ'i,flo'l"lvm, 310 
Ethyl alcohol gasoline systems, properties 
of, 245 
Ethyl alcohol, influence of anhydrous, upon 
water abso1·ption, 175 
Ether-soluble content of fur pelts, 431 
Euphorbim Peplus, 310 
Euphorbraceae, 274 
Fabric, cellulose acetate rayon, alkaline 
hydrolysis of, 397 
Fabrics, classification of, 17, 18, 19, 20 
Fabrics, method of analysis of, 21 
Fabrics, comparative analysis of, 17, 21 
Fagaceae, 264 
Fagopyrum esculentum, 309 
Falcaria 'IYlilgaris, 310 
Fats, action of lipolytic bacteria on, 187 
Fermentation, butyl-acetonic, in sugar 
media, 415: 
oxidation-reduction potentials in, and 
solvents production in, 421 
Fermentations, analyses of, 416-425 
Flagellate, protozoan, from woodchuck, 513 
Flora, immigrant, of Iowa, 309 
Food of game ducks, 107 
summary of vegetable and animal, 124 
Food plant, Indian, corn as, 385 
Fowl, mature, weight of, 379 
correlation between sexual maturity and, 
383 
sexual maturity of, average age of, 382 
Fowls, early maturity of, dependent upon 
two pairs of genes, 374 
Fr-equencies, unequal, method of computa-
tion of chi-square and standard devia-
tion for, 79, 80 
Fumariaceae, 269 
Furfural and some of its derivatives, 235 
Furfuraldehyde-yielding constituents of 
composted straw, loss of, 412, 413 
Furfural, production of, from concentrated 
solutions of xylose, 191 
Furs, dry-cleaning and mechanical clean-
ing of, results of tests for: 
abrasion, loss in weight from, 431, 436 
breaking strength, 431, 435 
color reflection, 432, 434 
diameter of hair, 434, 435 
elasticity, 431, 435 
ether-soluble content, 431 
gloss, 431, 433 
length of hair, 431, 435 
number of hairs to sq. in., 434 
shrinkage, . 431, 437 
Genes for maturity in fowl, 378 
Genes, linkage data on, found on R-g, 
chrosomo, 296 
Geraniaceac, 273 
Geraniwm pusillum, 310 · 
Gentianaceae, 279 
Gramineae, 254 
Graphitization behavior of white cast 
iron, influence of copper on, 207 
Ground squirrel, striped, development of 
1'rypanosoma iowensis in blood of, 533 
Growth and sexual maturity in Brahma 
and Leghorn fowl, 367 
Growth in fowl, relation of, to sexual 
maturity, 375 
Hair of furs, deterioration of, during 
process of cleaning, 431 
Hairyroot pathogens 
control of, by grafting practices, 155 
host range, of, 134, 135, 136 
occurrence of, 132 
Hairyroot, prevalence of, relation to 
woolly aphid injury, 134 
Hartmanni.a speciosa., 311 
Heart, isolated, rates of contraction of 
insect (Periplaneta), 391 
H emerocallis fulva, 309 
Herbaceous plants of Lee County, Iowa, 
290 
Hexarnita intestinalis, 515 
H. marmotae n. sp., a protozoan flagellate 
H. wuris, differential characters, 515 
H. pil-lchra, comparative studies with H. 
marmota.e, 515 
Hiera.cium viroswm, 311 
Homogeneity, chi-square test for, 75 
548 INDEX 
outline for hypothesis of, in experi-
ment, 76 
Host-index for Eimeria, 83, 93 
Hybrids, reciprocal, in fowl, sexual ma-
turity of, 38~ 
Hydrogen sulfide, liquid, reactions of in-
organic compounds with, 197 
Hydrolysis, alkaline, of cellulose acetate 
rayon, 397 
Hydrophyllaceae, 281 
Hypericaceae, 276 
Indian food plant, corn as, in United 
States, 385 
Influence of anhydrous ethyl alcohol 
concentration upon water absorption, 
175 
Influence of copper on the graphitization 
behavior of white cast iron, 207 
Inheritance of time of sexual maturity, 
367 
Inorganic compounds, reactions of, with 
liquid hydrogen sulfide, 197 
Iowa, Lee County, botanical survey of, 
251 
Lee County, groups of soils, 251 
Iowa, notes on immigrant flora of, 309 
Iowa, Phyllophaga of, 313 
Iowa soils, properties of soil solutions 
and colloids in, 203 
Iridaceac, 262 
Irregular sporagenesis and polyembryony 
in some Leguminosae, 303 
.Juglandaceae, 263 
.J uncaceae, 261 
Labiatae, 281 
Leaves, plasmodesms in, 451 
Leghorn fowl, growth and sexual matur-
ity in Brahma and, 367 
Leguminosae, 271 
L eguminosae, irregular sporogenesis and 
polyembryony in some, 303 
Life expectancy of physical property, 205 
Lignin, decomposition of, in composted 
straw, 412, 413 
Liliaceae, 261 
Linkage data on the R-g, chromsome of 
maize, 295 
Lipolytic bacteria, action of, on simple 
triglycerides and some natural fats, 
187 
Lipolyfic organisms, relationships of, to 
rancidity of butter, 199 
Liquid hydrogen sulfide, 197 
Locomotor activity of insects, instrument 
for recording, 519 
Lythraceae, 277 
Madia glomerrata, 310 
Maize, linkage date on R-g, chromosome 
of, 295 
varieties of, in Mexico, 386 
Malpighian tube of insect (Periplaneta), 
rates of contraction of isolated heart 
and, 391 
Malvaceae, 276 
Manufacture of artificial zeolites and the 
control of zeolite water softeners, 
183 
Manure, artificial, decomposition of straw 
in production of, 409 
original organic matter, analyses of, 
412 
Marmota monax, H e:r;amita marmotae, n. 
sp. from, 513 
Martyniaceae, 284 
Maturity in fowl, genes for, 378 
Mechanical cleaning, effect of, on furs, 
427 
M e di a, differential, for Pseudomonas 
rhizogenes and Ps. tivmefaciens, 152 
Media, sugar, butyl-acetonic fermentation 
in, 415 
Menispermaceae, 268 
Metabolism of some nitrogen-fixing .Clos-
tridia, 231 
Microflora of churns and its importance 
in the deterioration of butter, 217 
Milk in vivo, digestibility of, as affected 
by physical treatments, 211 
Monoacetate cellulose, acetyl values, 401 
Mother cells, multiple, in some Legum-
inosae, 304, 306 
Najadaceae, 254 
Night-hawk (Chordelies minor), species of 
Trichomonas from, 537, 539 
Nitrogen-fixing Clostridia, 231 
Notes on the immigrant flora of Iowa, I., 
309 
Nyctaginaceae, 267 
Nymphaeaceae, 267 
N yroca ajfinis (lesser scaup duck), food 
habits of, 121 
N . americana (red head), food habits 
of, 107 
N. collaris (ring-necked duck), food 
habits of, 110 
N. marila (greater scaup duck), food 
habits of, 117 
N . valisineria (canvas-back), food habits 
of, 114 
Observations on H ex111mita marmotae n. sp., 
a protozoan flagellate from the wood· 
chuck (Marmota monax Linn.), 513 
Oleaceae, 279 
Onagraceae, 277 
On the chi-square test for homogeneity, 75 
On the rates of contraction of the isolated 
heart and Malpighian tube of the in-
sect, Periplaneta orientalis: method, 
391 
Orchidaceae, 262 
Organisms, correlation of, with deteriora-
tion of butter, 213 
INDEX 549 
Organolead compounds, 229 
Organometallic compounds of Group II, 
225 
Orobanchaceae, 284 
Oxalidaceae, 273 
Oxalis cro'nioulata, 310 
Papaveraceae, 269 
Periplaneta ameriCOJna, appendicular ac-
tivity of, 519, 520, 521 
entomotograms of, 524 
P. orientali.s, rates of contraction of 
isolated heart and Malpighian tube of, 
391, 394 
method to determine, 392, 394 
Phalaris canariensis, 309 
Phosphorus retention in pigs rations, 221 
Phrymaceae, 285 
Phyllophaga, distribution of, 313 
Phyllophaga of Iowa, 313 
P. anxia, 328 
P. balia, 335 
P. barrda, 330 
P. bipartita, 324 
P. congrua, 321 
P. corrosa, 333 
P. orassissima, 322 
P. crewulata, 339 
P. dralcii, 329 
P . ephilida, 318 
P. fosteri, 332 
P. fervida, 327 
P. fraterna, 332 
P. fusoa, 326 
P. futuJ,is, 320 
P. graoilis, 319 
P. hirtioula, 337 
P. hornii, 327 
P. ilicis, 338 
P. implicita, 335 
P. inversa, 323 
P. klnceolata, 317 
P. longitarsa, 319 
P. marginalis, 330 
P. miOOJns, 325 
P. nitida, 337 
P. prunina, 322 
P. quermbS, 340 
P. rugosa, 334 
P. spreta, 331 
P . tristi.s, 341 
P . vehemens, 325 
P. 'l!ilifrons, 336 
Physical-chemical properties of alcohol-
gasoline blends. 
III. The A.S. T.M. distillation curves 
and Reid vapor pressure, 237 
II. The influence of anhydJ'IOUS ethyl 
alcohol concentration upon water ab-
sorption, 175 
Physical-chemical properties of ethyl al-
cohol systems. 
IV. Influence of alcohol concentration 
upon specific volume, fluidity, air-to-
fuel ratio, calorific value, latent heat, 
and fall in temperature on evapora-
tion, 245 
Physical property, life expectancy of, 205 
Phytolaccaceae, 267 
Pinaceae, 253 
Pisobia melanotos (pectoral sandpiper), 
species of Trichomonas from, 537 
P. miwu,tiUa (least sandpiper), species 
of Trichomonas from, 537 
Plantaginaceae, 285 
Plantanaceae, 270 
Plant indicators in Lee County, I owa, 292 
Plasmodesms, functioning of, 449 
Plasmodesms in epidermal tissue, method 
of study, 450 
in leaves, 451 
in the leaves and stems of some Angio-
sperms, 449 
in stems, 452 
two types of, 455 
Polemoniaceae, 280 
Pollen, types of, in Melilotus alba, 304 
Polyembryony in Leguminosae, 304 
P .olygalaceae, 274 
Polygonaceae, 265 
Polygorvum dlumetorwm, 309 
Polypodiaceae, 253 
Portulacaceae, 267 
Primulaceae, 279 
Production of furfural from concentrated 
solutions of xylose, 191 
Protozoan flagellate from woodchuck, 513 
Psmbllomonas rhizogenes, age and virulence 
of, 155 
Ps. rhizogenes R.B.W.K., and S.; its 
host relations and characteristics, 131 
Ps. rhizogenes and Ps. twmefamens, dif-
ferences between, 158 
Ps. i·hizogenes and Ps. tumefaciens, dif-
ferential media for, 152 
Ps. rhizogenes, association of, with hairy-
root of nursery stock, 135 
host range of, 140 
influence of environmental and host con-
ditions on infection by, 137 
on hardwood cuttings, 144 
response of, to morphological and physi-
ological tests, 148 
Psetbdomonas tumefaciens and Ps. rhizo-
genes, differential host of, 142 
difference between, 158 
Ptenothrix marmorata, 475 
P. olympia, 473 
P. 1irvicolor, 472 
P. texensis, 474 
P. vittata., 475 
Radiou,la amphibia, 310 
Rancidity of butter, relationships of a 
lipolytic organism to, 199 
Ranunculaceae, 267 
Rayon, cellulose acetate, alkaline hydrol-
ysis of, 397 
Rayon, effect of alkali on weight and acetyl 
content of cellulose acetate, 398, 399 
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Reactions of inorganic compounds with 
liquid hydrogen sulfide, 197 
Redescription of North American Smin-
thuridae, 461 
Reid vapor pressure, 237 
Relationships of a lipolytic organism to 
rancidity of butter, 199 
Report .on the food of five of our most 
important game ducks, 107 
Reseda lutea, 310 
Rhamnaceae, 275 
Rosaceae, 270 
Rubiaceae, 285 
Rutaceae, 273 
Salicaeeae, 262 
Sandpiper, trichomonad from, 537 
Santalaceae, 265 
Sapindaeeae, 275 
Saxifragaceae, 270 
Scrophulariaceae, 283 
Sexual maturity, and growth in fowl, 367, 
369, 375 
in mammals, 367 
Simarubaceae, 274 
Sminthuridae, Redescriptions of North 
American, 461 
Sminthiurrimlu.s <JAlffeit.s, 463 
S . elegQ!n8, 464 
S. fitchi, 470 
S. floridanit.s, 469 
S. min1ntm, 462 
S . paclcardi, 470 
S. purpurescrms, 469 
S. quadrima<YUlatus, 462 
S. remotus, 461 
Soil air, concentration of carbon dioxide 
in, 1 
~ube for sampling, 4, 5 
So~l, fall~w, percentage of air in, 7 
Soll solut10ns, properties of in Iowa soils 
003 ' ' 
Soils in Iowa, soil solutions in 203 
colloids in, 203 ' 
Solanaceae, 283 
Solvents from glucose, with nitrngen 
sources, 418 
Solvents, production of, in glucose-peptone 
medium, 424 
Some properties of the soil solutions and 
the colloids in certain Iowa soils 203 
Sonchu.s uligino.sus, 311 ' 
Sarglii~m halepense, 309 
Sporogenesis, irregular, in Leguminosae 
303 ' 
Squirrel, striped ground, development of 
Trypanosoma iowensis m blood of 533 
Staphyleaceae, 275 ' 
Statistics on brahma and leghorn fowl and 
F, and F, hybrids, 371 
Stems, plasmodesms in 4{)2 
older regions, 453 
primary meristem, 452 
Straw, decomposition of, in production of 
artificial manure, 409 
Susquehannah or papoon corn, early lit-
erature on, 385 
Sweet clover, polyembry<my in, 304 
Sweet corn, first reference t-0, in literature, 
386 
genetic studies of, as mutant, 389 
origin, 387, 388 
Textiles, analysis of, fabric, fiber, yarn, 24 
Three new trichomonads from birds, 573 
Thymelaeaceae, 277 
Tiliaceae, 276 
Trees and shrubs of Lee County, Iowa, 291 
Trichomonads, three new, from birds, 537 
Trichomonas ( Tritrichomonas) chordeilis 
n. sp. in intestines of night-hawk, de-
scription of, 539 
T. iowensis n. sp. in intestin.e of night-
hawk, description of, 540 
T. pisobiae n. sp. in intestines of sand-
pipers, descriI_>tion of, 538 . . 
Trichomonas, species of, comparative sizes 
of, in sandpipers, 537 
Triglyce1·ides, action of lipolytic bacteria 
on, 187 
Trophozoites of Hexamita marmotae n. sp., 
conelation of, 514 
Trypa.nosoma hixsoni n. sp. description of, 
529 
from Citellu.s franlclini, 527 
T. iowensis, development .of in blood ,of 
striped ground squirrel, 533 
T. iowensis, pathogenicity of, 528 . 
T. iowensis, in blood of ground squirrel, 
resemblance of, to T. lewisi in rat, 534 
T. lewisi, comparison with T. iowensis, 
527 
T. lewisi, in blood -0f rat, life cycle of, 
533 
T. iowen.sis intermediate host for, 528 
T. iowensis' n. sp. and Babesia citelli n. 
sp. from Citellus tridecemlineatu.s, an~ 
Trypanosoma hixsoni, n. sp. from Ci-
tellus franlclini, 527 
Trypanosomes, first appearance after in-
jection, 534 
relationship between, 528 
measurements of, 534 
Typhaceae, 254 
Umbelliferae, 277 . 
Urocyon cinercoargenteus~ (grey fo;-es), m 
vicinity popula.ted with bobwhite, 127 
Urticaceae, 264 
Variance in age at first egg among prog-
eny of males of fowl, analysis of, 373 
Verbenaceae, 281 
Violaceae, 277 
Vitaceae, 276 
Water absorption, influence of anhydrous 
ethyl alcohol concentration upon, 175 
Water softeners, zeolite, control of, 183 
INDEX 551 
White cast iron, graphitization behavior 
of, influence of copper on, 207 
Winter survival of bobwhite, 127 
Xylose, production of furfural from, 191 
Zea saccharata, (sweet corn), 388 
Zein, preparation of, 417 
Zeolites, artificial, manufacture of, 183 
Zeolite water softeners, control of, 183 
